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THEOREMS 
The inclusion of Si in the mineral balance of cation-anion uptake is 
not justified. 
BEAR, F. E., Agron. J. 42 (1950) 176-178 
DIJKSHOORN, W., Neth. J. Agric. Sci. 6 (1958) 131-138. 
TEJWANI, K. G. and K. V. VENKATRAMEN, Soil Sci. 86 (1958) 310-312. 
II 
The introduction of the Dutch cooperative system of horticultural 
marketing in Egypt would strengthen the economical position of the 
farmer. 
I l l 
Intensive contact between Wageningen and Cairo Universities should 
be promoted. 
IV 
The presence of nitrate in the leaves of plants is no indication of a 
reduced ability of the plant to utilise nitrogen absorbed. 
DIJKSHOORN, W., Neth. J. Agric. Sci. 6. (1958) 211-221. 
V 
Any efforts to connect ecological data with mineral uptake by different 
plant species should start from at least three assumptions: 
1. relative rate of uptake of different elements; 
2. their internal level required for growth; 
3. the possible difference in the susceptibility of the root systems towards 
the ionic composition of the soil solution. 
VI 
The possible effect of differences in the botanical composition of 
different plots used for grassland experiments deserves more attention. 
VII 
Land reclamation in Egypt should extend to the desert. 
VIII 
The effect of accessory components of artificial fertilisers on the level 
of uptake from and accumulation in the soil deserves more consideration. 
IX ' 
To raise the level of living of the Egyptian farmer's family it is essential 
that extension service should comprise agriculture, home economics, 
hygiene and general education. 
Although it is the practice to grow berseem (Trifolium alexandrinum L.) 
alone yet it would be better if a companion crop is included. 
XI 
There is evidence that berseem {Trifolium alexandrinum L.) can be 
grown successfully in the southern parts of the Netherlands. 
SCHEIJGROND, W. and H. Vos, Landbouwk. T. 71 (1959) 361-368. 
XII 
An estimate of the rate of application of each fertiliser based on methods 
of soil analysis in Europe and North America is not recommended for 
tropical areas. It is preferable first to investigate the effect of fertilisation 
in field experiments. 
I. M. SAID, 1959 
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1. INTRODUCTION 
1.1. M I N E R A L COMPOSITION OF GRASSLAND HERBAGE 
Grassland production originates from the regrowth of pasture plants previouslygrazed 
or mowed. T h e productivity, given by the weight of herbage per unit t ime, per uni t 
area, is determined by the rate of regrowth. Given certain climatic and seasonal 
conditions, this will depend on the availability of nutritional elements and the ra te 
of growth characteristic for the individual plant species and varieties, contributing 
to the quanti ty and quality of the herbage crop. 
The nutritional value of the herbage produced is determined by its chemical 
composition as well as by other qualities such as palatability. Many factors were 
found to be responsible for determining and modifying the chemical composition 
of pasture crops, which may overlap in their effects, work simultaneously or influence 
each other. T h e complex relationships involved make it often difficult to relate any 
effect to one of the factors present. BROWNE (1938), KRAUS (1939), SHIVE and R O B -
BINS (1939), VANDECAVEYE (1940), BROWN and H O L L O W E L L (1940), BEESON (1941, 
1946), SULLIVAN and GARBER (1947) and THOMPSON (1953) have comprehensively 
reviewed most of the work done on this subject. More contributions have been pub -
lished but they only offer additional proof to what has been recorded in these reviews 
and do not basically alter the interpretation of older da ta . 
One of the factors which has an important role in determining and modifying the 
chemical composition of the pasture crop is the effect of fertilisers. 
Although the application of fertilisers may affect the mineral composition of a 
stabilised vegetation directly by altering the uptake of the individual elements, a 
par t of the effect may originate from the change in botanical composition of the 
sward. For instance, the decrease in clover percentage following nitrogen fertilisation 
was found by HOLMES (1949) to be associated with a decrease in Ca percentage. 
IVINS and FERNANDO (1955) reported that nitrochalk had no direct effect on Ca in 
pure grass swards but reduced the Ca values in the yield of mixed swards as a result 
of the suppression of clover. 
1.2. BOTANICAL COMPOSITION OF GRASSLAND HERBAGE" 
Fertilisers are applied with the purpose to increase the level of nutrients in the soil 
so that the uptake which proceeds continuously will not be limited by any shortage 
originating from a gradual depletion during the increase of yield and uptake. 
T h e high level of fertilisation generally maintained in intensive grassland man-
agement in Holland has induced a n alteration in the botanical composition of the 
sward in favour of the more rapidly growing pasture grasses, such as perennial 
ryegrass, at the expense of herbs and less productive grasses. This effect leading to 
more grass-dominant pastures of higher productivity seems conceivable since the 
more rapidly growing plants consume a relatively higher amount of nutrients for 
their higher yield. If their uptake is not limited by the external supply, their greater 
mass production renders them more powerful in the competition for available space. 
This ability of the productive plants becomes less effective in competition a t low 
fertility levels. I n this case their mass development may remain far below their 
potential productivity and maturi ty may occur at a low yield level. Here the slower 
growing herbs, which as a consequence of their lower rate of growth are adapted to 
a lower rate of uptake of nutrients, are under relatively more favourable conditions 
with respect to their percentual contribution in the total mass of herbage. 
An example is the suppression of clover in clover-grass swards as a result of nitro-
gen fertilisation (BROWN, 1933; HOLLOWELL, 1937; JOHNSTON-WALLACE, 1937; 
D O D D , 1942; ROBINSON and SPRAGUE, 1947; HOLMES, 1949; BLASER and BRADY, 
1950; IVINS and FERNANDO, 1955). HUGUES et al. (1952) reported that nitrogen 
fertilisation considerably reduces the percentage of legumes and also to a lesser 
extent that of the other herbs as well. I n Holland, FRANKENA (1937), DE V R I E S (1938) 
and POSTHUMA (1959) reported similar results of nitrogen dressings on the botanical 
composition of the sward. 
1.3. M I N E R A L COMPOSITION OF THE PLANT SPECIES 
Alterations in the mineral composition of herbage crops related to percentages by 
weight of the individual species in the sward, includes the presence of differences 
in the species grown in the same locality. Da ta on the mineral composition of pasture 
plant species are given by FAGAN (1931), FAGAN and M I L T O N (1931), FAGAN and 
WATKINS (1932), FAGAN and DAVIES (1937), P IERRE and ROBINSON (1937), M A C 
CONKEY (1940), FUELLEMAN and BURLISON (1940), ARCHIBALD et al. (1943), FRAPS 
and FUDGE (1945), BEESON et al. (1947), THOMAS and THOMPSON (1948), THOMAS 
et al. (1952), V A N DER K L E Y (1957), arid others. T h e evidence indicates higher 
internal levels of the mineral constituents in herbs, as compared to those in grasses. 
For grassland this is shown by the results of THOMAS et al. (1956 a and b ) , who 
have demonstrated the effect of mineral rich dicotyledonous herbs on the yield and 
nutritive value of swards under pasture and meadow conditions. They found tha t 
with the exception of K and Na, the major mineral elements and the trace elements 
Gu and Co increased significantly in herbage and hay as a result of an increasing 
percentage of herbs. 
I n relation to the cationic composition of herbage, the evidence proves tha t the 
dicotyledonous herbs are generally higher in the divalent cations M g and Ga, t han 
the grasses. Thus the gradual shift in botanical composition resulting in the grass do-
minant pasture has been associated with a shift in the mineral composition in favour 
of the monovalent cations. The alteration may also have been favoured by heavier 
potash fertilisation, bu t it is generally promoted by the suppression of the dicotyl-
edonous herbs. I n efforts to interprete data on the mineral composition it is therefore 
essential to consider the possible effect of the botanical composition of the pas ture 
herbage, (KONIG, 1937; SULLIVAN and GARBER, 1947; THOMAS and THOMPSON, 
1948; BOSCH, 1954). 
Given this specialty of the plant species with respect to the mineral composit ion 
and its bearing upon the general problem of nutritional disorders in grazing farm 
animals (BEESON 1941, 1945; RUSSEL and DUNCAN 1956), its study may provide 
useful data for further progress in the study of mineral constituents in herbage. 
1.4. T H E MECHANISM OF CATION SELECTIVITY 
Attempts have been made to develop physico-chemical models for the interpretation 
of cation uptake and selectivity in plants. A current conception connects cation 
selectivity with the exchange capacity of the roots. This indicates the negative charge 
present per unit weight of the root substance, resulting from its acidoid content. I t 
has been stated that as a result of Donnan distribution, a higher exchange capacity 
is associated with an increased preference for the uptake of divalent cations ( E L G A -
BALY and WIKLANDER, 1949). 
This conception has been propagated by many soil scientists (DRAKE et al., 1951; 
M E H L I C H 1946, 1953; M E H L I C H and R E E D , 1949; M E H L I C H and COLEMAN, 1952). I t 
has been supported by evidence obtained in the study of the exchange capacity in 
dicotyledons and grasses. Data have been tabulated by M E H L I C H and D R A K E (1955) 
in a review article on the subject. • 
Its application to the study of the mineral composition of pasture plants has been 
tentatively suggested by V A N DER K L E Y (1957). I n the opinion of the present author, 
this will require a critical atti tude to avoid misinterpretations as a result of the ex-
perimental conditions. 
One of the features of the Donnan principle relates to the fact that with a n in-
crease of free electrolytes any inequalities resulting from Donnan distributions will be 
evened out. According to MATTSON (1948), the Donnan distribution will be re-
flected in the composition of the plants only when the cations exist in an exchangeable 
state in the soil and the roots must compete with the soil colloids for these cations 
by exchange. This and other arguments point out the risk of using this hypothesis as 
a passepartout. 
There is little doubt however that interionic forces between ions, translocated in 
the plant 's body, and immobile charged sites, representing dissociated functions of 
the biocolloids present, are regulative in uptake and selectivity. I n cation uptake and 
translocation to the aerial parts, the strength of this force will depend on the type 
of cation (valence, ionic radius) and of the charged site (carboxylate, phosphate) 
attached to the biocolloids. Further considerations may even suggest that both 
properties are regulating cation selectivity, the nature of the charged site being 
decisive for the particular selectivity in the different plant species. 
In the study of the uptake by aerial parts instead of by roots, it is useful to keep 
in mind that mineral composition results from continuous uptake and translocation 
to the growing parts. Here a transport way is involved which is part ly traversed as 
mass transport through the vessels, bu t which consists mainly of living matter . 
I t has been found that the divalent cations are more difficultly translocated to the 
aerial parts of perennial ryegrass than the monovalents (DIJKSHOORN, 1956). Also it is 
known that the divalents are more strongly adsorbed by certain negative biocolloids. 
This suggests that the interionic forces may retard the translocation to the yield and 
that this retardation depends on the strength of the force between the passing cation 
and the biocolloid-anion. If this force is stronger, the cation may be adsorbed by the 
negative site and the cation initially present there may come free and join the trans-
port to fill up the cation vacancy which would otherwise result. 
The picture thus obtained resembles the mechanism operative in cation exchange 
columns. The influent represents the cations entering during the uptake, the effluent 
those which are present after translocation to the herbage. The translocation of a 
number of cations together affects their mutual relationships in favour of those 
cations which possess the lowest affinity for the anionic sites of the plant's colloids. 
These cations are referred to in the experimental sections as those of relatively 
higher rate of uptake or relatively lowerresistance against translocation to the herbage. 
Cations which according to their nature and that of the charged sites possess a greater 
affinity will behave according to a relatively lower rate of uptake or a higher resistance 
against translocation to the herbage. 
This picture of cationic transport to growing parts of herbage has been used in the 
present interpretation of data. Of course it should not be taken as a complete model 
of the process, but only as an aid to arrange the experimental data on uptake and 
selectivity. The well-known difference between the individual cations with respect 
to their affinity towards biocolloids accounts for the occurrence of cation selectivity. 
The fact that the affinity of each cation species also depends on the nature of the 
biocolloid may eventually account for the difference found between the plant 
species with respect to their cation selectivity. 
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2. STATEMENT OF THE PROBLEM 
2.1. DIFFERENCE BETWEEN THE GRASS SPECIES 
According to statements such as made by SINGH and SINGH (1939) most of the mem-
bers of a certain plant family have a greater affinity to a particular ion than to other 
ions. If this is true, the species of one family may differ less from each other than 
plants belonging to different families. 
In the majority of cases herbage yield is mainly composed of grasses and any 
effect of the grass species should therefore be taken into account in the interpretation 
of data derived from the sampling of different pasture vegetations. 
As an example two grass species have been studied in the present investigation. 
T o avoid complications which may eventually result from larger differences in 
the rate of growth, as related to mass production and age of maturity, two species 
have been selected which show a somewhat similar behaviour with respect to these 
properties. Da ta available on the mineral composition of grass species grown under 
similar conditions, served as a second guide in the choice of the species. T h e records 
of ECKSTEIN (1935) and ZURN (1958) indicate that Lolium perenne (perennial ryegrass) 
and Dactylis glomerata (cocksfoot) show a characteristic difference. Both authors 
record relatively higher K and lower Na and Ca values in Dactylis glomerata and their 
observations have been confirmed by the results of other authors, recording cation 
percentage data of different pasture plants. 
T h e difference between Lolium perenne and Dactylis glomerata was therefore 
considered to be characteristic and was assumed to lead to reproducible results. 
2.2. BASIC CONCEPTIONS USED IN THE EVALUATION OF UPTAKE AND SELECTIVITY 
Since in the literature on the subject, statements on what should be precisely 
taken as preference, selectivity, antagonism, mobility and other current conceptions 
are generally not included, the author was obliged to select certain arbitrary pro-
cedures and conceptions in the study on the relative ra te of uptake and the selectivity 
(compare section 1.4). This has been done to illustrate his attempts to contribute 
to the problem of cation selectivity in pasture plants. Of course further progress in 
the study on the subject may render it necessary to change or reject some of the basic 
conceptions used, e.g. the relative resistance against uptake and the translocation 
to the herbage. I t appeared however, tha t these arbitrary assumptions were useful 
to the development of a general picture of cation selectivity. 
As a second aid in the interpretation of data, use was made of the internal balance 
of total cation and anion uptake in the herbage. According to the results of BEAR (1950) 
and DIJKSHOORN (1957a, 1958 a and b) the internal concentration of total cations -
earlier referred to as a constant quanti ty ( V A N ITALLIE, 1938 b ; W A L L A C E , T O T H and 
BEAR, 1948) - clearly depends on the internal level of the anionic elements. T h e 
typical response of these additive quantities towards fertilisers is a useful guide to 
interprete fertilisation effects. Although much labour is involved in the analyses 
comprising all the macroelements, the information obtained is found to be essential 
to the interpretation of the behaviour of the individual elements in many cases. 
2.3. OUTLINE OF THE PROBLEMS DISCUSSED 
The two grass species Lolium perenne and Dactylis glomerata have been extensively 
studied on their selective ability towards the cations K, Na, Mg and Ga. The results 
have been used to formulate the conception of cation selectivity as it may be applied 
to the study of herbage plants. 
A fertilisation with the nitrates of the cations was applied to demonstrate the 
effect of cation selectivity on the relation between fertility level and mineral composi-
tion of the herbage. It has also been shown that the internal balance of total cations 
and total anions affects the uptake of the individual elements. 
In order to appreciate some of the wider applications, the results have been used 
to interprete data of DIJKSHOORN and 'T HART (1957) on the effect of alterations in 
temperature and on the effect of K fixation on the cationic composition of perennial 
ryegrass. Further it has been shown that the dicotyledonous herb Plantago lanceolata is 
practically devoid of the marked selectivity found in the grass species. This reduced 
selectivity has been connected with the effect of dicotyledonous herbs on the cationic 
composition of mixed pasture vegetations. 
The results have also been used to interprete some data from fertilisation experi-
ments in the field. 
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3. MATERIAL AND M E T H O D S 
3.1. T H E EXPERIMENTAL PLANTS 
The plants used for the experiments were grown outside in the garden of the Institute 
for Biological and Chemical Research on Field Crops and Herbage on a sandy soil 
of moderate fertility level. For each experiment a number of plants was digged out 
and divided into equal bundles of shoots. The size of these bundles, if slightly pressed 
together, may be roughly indicated by a diameter of 1 cm at the base. 
The greater part of the roots was removed and the remaining roots were rinsed 
thoroughly in running tap water. During these preparations the bundles of shoots 
were kept in glass containers their roots being immersed in a layer of tap water. 
This water was occasionally replaced to avoid any anaerobiosis which may otherwise 
occur if the densily packed stock of experimental plants is put aside for a few days, 
generally required to prepare a sufficient number of plants. 
Thereafter, the experimental plants were either mounted in the holes of the 
covers used in the solution culture technique, or planted in the fertilised soils applied 
in the pot culture technique. 
During the experimental period no flowering was observed. Therefore, the results 
refer to conditions found in the vegetative stage. 
3.2. THE SOLUTION CULTURE TECHNIQUE 
The solution culture technique was used for the evaluation of the relative rate of 
uptake of the individual cations. For this purpose, series of solutions have been pre-
pared in which the total number of equivalents of cations and the number of equi-
valents of the individual anions was the same. Of the cations added, either Na and 
K, or Ca and Mg, were present in varying amounts. In this way, series were prepared 
in which the number of equivalents of one of the cations had been replaced by the 
corresponding number of equivalents of another cation representing either Na-K or 
Ca-Mg replacement series. 
The solutions were made by adding measured amounts of normal solutions of the 
salts to demineralised water and making up the volume to 6 liters. 
Rectangular glass containers (30 x 20 x 15 cm) were used. The containers were 
placed in wooden boxes to shield off the light from the roots. The containers were 
provided with loosely fitting, paraffined hardboard covers. Into each cover 50 holes 
had been drilled with a diameter of 1 cm. The experimental plants were mounted 
with cotton wool in the holes of the covers. During these preparations the covers, provi-
ded with plants, were kept on tap water. 
After finishing the planting of the covers the plants were clipped off at a height of 
3 cm above the covers, corresponding to a height of about 6 cm above the root base. 
Thereafter the covers were placed on the experimental solutions with the roots of the 
plants immersed in the solutions. 
At this stage of the procedure there was a dense, regularly clipped vegetation 
on the covers. Regrowth commenced directly after clipping and after a residence time 
of three to four weeks on the experimental solutions, the herbage produced was col-
lected by clipping at the initial height of 3 cm. 
During this period the solutions were daily made up to the volume of 6 liters by 
adding demineralised water. There was a large development of new roots. Since the 
surface of the solutions (600 cm2) was large relative to their depth (10 cm), no aera-
tion was applied. Any indication of anaerobiosis has not been observed. From other 
experience it was known that anaerobiosis may result from dirty roots or from the 
presence of larger amounts of dead roots. Several extra washings of the roots in run-
ning tap water before the transference of the plants to the experimental solutions were 
performed to avoid the introduction of contaminants. In this way the solutions re-
mained clear and practically odourless. 
3.3. T H E POT CULTURE TECHNIQUE 
The experiments on the effect of fertilisers on soil grown plants were performed using 
enamelled, cylindrical culture vessels (diameter 20 cm) with a capacity of 6 kg dry 
soil. Unless otherwise stated, use was made of a sandy soil (4 per cent organic matter, 
pH (HaO) 5.2). The soil was sieved to remove stones and plant residues and thorough-
ly homogenised. Records were made of its initial moisture percentage (drying at 
105° C) and the percentage present at water saturation. 
Amounts, corresponding to 6 kg dry weight, were taken for the filling of the cul-
ture vessels. These amounts were transferred to galvanized containers, and enough 
water was added to adjust the soil moisture level to 80 per cent of the water holding 
capacity. After mixing each pot filling separately, this was transferred to the culture 
vessel. 
By adding measured amounts of normal nitrate solutions to the water used in the 
preparation of the pot fillings, series of pots were prepared with increasing rates of 
application of the fertilising salts. Of each treatment three or four replicates were 
made. 
During these preparations the filled pots were kept covered with plastic sheets to 
prevent contamination and loss of water by evaporation. After finishing the series the 
pots were planted uniformely and thereafter kept in the shade in a humid atmosphere 
during three days. Depending on the number of treatments and replicates theplanting 
procedure was finished within one or two days. 
After the recovery period of three days, the pots were transferred to the benches 
in the greenhouse and the plants were clipped at a height of 3 cm above the soil. 
At this stage of the procedure the pots were covered with a dense vegetation of 
clipped grass. However, the first planting with undipped, tall plants could not be 
made without appreciable errors in the uniformity of the density. After clipping, these 
errors became apparent from uncovered areas or relatively less dense vegetations. 
To reduce the possible effect of these planting errors, which may affect yield and 
mineral composition of the harvest (DIJKSHOORN, 1958a), the pots were selected which 
showed the highest density of planting. Using these as a standard, additional planting 
was made in the other pots. These extra plants were clipped directly after planting 
and the additional planting continued untill a visual inspection indicated, that a 
satisfying uniformity of planting had been obtained. These corrections on density 
of planting generally took an additional two days. 
Although this procedure is arbitrary, it may reduce the planting error consider-
ably, if performed with care and routine. Fluctuations in the yield of similar treat-
ments could generally be reduced to below 10 per cent, which was considered to 
represent the practical limit of perfection of the planting procedure. 
Thereafter, the pots were arranged in a randomised block design on the benches 
of the greenhouse, and this arrangement was maintained during the subsequent 
period of regrowth. 
The pots were daily weighed and demineralised water was added up to the initial 
weight. As mentioned before, this weight was adjusted to 80 per cent of the water 
saturation level, in the pots without plants. 
Since this estimate is based on the weight of the unplanted pots and this weight 
was maintained during the experimental period, the soil moisture level is reduced to 
some value below the 80 per cent saturation level after the introduction of the ex-
perimental plants. The final level reached cannot be stated precisely, because the 
weight of the plants added may vary and increases gradually as a result of growth. 
It is possible to compute roughly the soil moisture status during the experimental 
period. An example is given below, referring to the conditions present in the sandy 
soil. 
The amount used in the filling of the pots corresponded to a dry weight of 6.00 kg. 
Accordingly, each change in weight of 60 g indicates a shift of 1 unit in per cent of dry 
soil. It was found, that the unplanted pots at 80 per cent of the water saturation had a 
soil moisture percentage of 30 per cent on dry basis. 
The clipped plants added represented about 200 g fresh material and another 
200 g may have resulted from growth of the whole plants during the experimental 
period. To evaluate the soil moisture status this weight, after conversion into soil 
percentage units, should be substracted from the soil moisture percentage at 80 per 
cent water saturation, viz. 30 per cent. 
The plant weights mentioned equal -3.3 and 6.7 units respectively. Therefore, 
the upper limits reached daily after watering may have been near to values of 
26.7 to 23.3 per cent soil moisture on dry basis, its actual value depending on the 
stage of growth. Expressed as percentages of water saturation, the values represent 71 
and 62 per cent respectively. 
The daily evaporation fluctuated according to weather conditions (clouded or 
bright sky) and increased at the progress of growth from about 60 up to about 180 g, 
which equals 1 and 3 units of soil moisture percentage respectively. 
Due to plant weight, its increase during regrowth and the daily evaporation, 
the actual soil moisture percentage maintained during the experimental period can-
not be evaluated precisely. With regard to these experimental conditions it is pos-
sible however to make a rough approximation by stating that in the early stage of 
regrowth soil moisture percentage was kept at 25 per cent and that at the end of the 
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experiment this value has dropped to 20 per cent. These levels cover a range from 
67 to 53 per cent of the water saturation level. According to unpublished results of 
DIJKSHOORN variations in soil moisture level have little effect on the yield of Lolium 
perenne and its mineral composition if kept within this range near to the optimal 
level. 
Therefore, the experimental schedule outlined above was used for the regulation 
of the soil moisture status. The weight of the pots was choosen according to 80 per 
cent of the water saturation level in the unplanted pots, and this was automatically 
reduced to a more favourable level by the introduction of the plants and their 
gradual increase in weight. 
Similar measures were taken in the use of other soils. 
3.4. SAMPLING AND EXAMINATION OF THE HERBAGE 
After the experimental period of regrowth the herbage produced was collected by 
clipping at the initial height (3 cm). Harvesting was always performed a t 2 p .m. T h e 
fresh weight was recorded and the material immediately dried in a n air current a t 
105-110° C. After an additional residence of 17 hours in a drying cabinet at 105° C 
the dry weight was recorded. These records were made on each t reatment replicate. 
T h e dried herbage yields of the replicates of each t rea tment were p u t together to 
form one sample of the treatment for chemical analysis. T h e analytical methods ap -
plied are those, a t present used in the Chemical Depar tment of the Institute. 
T o test the significance of the effect of the fertilisers on the yield and the dry 
mat ter percentage in the fresh samples, use was made of the analysis of variance 
technique1 . 
3.5. T H E ENVIRONMENTAL CONDITIONS. 
T h e experiments were performed under greenhouse conditions in the first and second 
compar tment of „Kas I " of the Institute. Tempera ture was controlled by means of 
central heating (warm water pipe system), ventilation and, on hot and bright days, 
water screening on the roof. T h e fluctuations were on the average kept within the 
range of 18-22° C. 
By choosing a favourable season (May-September) vital growth was assured 
and the application of artificial light, often used in greenhouse experiments, was 
rendered unnecessary. 
The stock of experimental plants kept in outside in the garden was occasionally 
' mowed and fertilised with nitrochalk to keep the plants healthy and vital. Their initial 
state, in which they were collected for the experiment is arbitrary. T h e results should 
therefore be appreciated in a relative way as far as they refer to the actual composi-
tion of the species. They only indicate relative trends in the behaviour of the different 
species, their actual composition will, of course, also depend on the conditions under 
which they have been grown. 
1
 Use was made of the methods of experimental designs and statistical analysis as described in the text-
books of PATERSON (1939), BROWNLEE (1949), QUENOUILLE (1953) and COCHRAN and Cox (1957). 
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4. CATION SELECTIVITY IN L O L I U M PERENNE 
AND [DACTYLIS GLOMERATA 
4.1 . CATIONIC COMPOSITION OF THE TWO GRASS SPECIES : 
LOLIUM PERENNE AND D A C T Y L I S GLOMERATA 
Growth is associated with a continuous uptake of cations from the soil and their sub-
sequent translocation to the yield. T h e relation between the number of equivalents 
which has been translocated and the amount of dry matter which has been produced 
determines the internal concentration at harvesting. 
If the individual cations would offer the same resistance against uptake and trans-
location, then the result of uptake from an equinormal supply of cations would be 
reflected in a cationic composition of the herbage equinormal with respect to the 
individual cations. I t is known however that in this case the composition of herbage 
shifts in favour of some of the individual cations (GOLLANDER, 1941). This indicates 
that they differ mutually with respect to their resistance against uptake and transloca-
tion to the herbage. 
The cationic composition of plant species, grown under the same external condi-
tions, may differ substantially. T h e preference for the uptake of certain cationic 
elements clearly depends on the species. 
For instance the presence of any difference in the behaviour of K and Na will 
depend on the choice of the plant species. One of the species may absorb relatively 
more readily K, while in another both cations may be absorbed at a comparable rate . 
I n other words, the former species shows a higher ability to discriminate between the 
cations and accordingly possesses a higher selectivity towards K and Na. 
Under given external conditions, this selectivity may be decisive for the cationic 
composition of different plant species at a certain stage of development. 
I t has been frequently stated that different grass species, grown on the same 
pasture, may show characteristic difference in their cationic composition. Concer-
ning the species studied in the present experiments, it has been found tha t K and M g 
are higher a n d Na and Ca are lower in Dactylis glomerata t h an in Lolium perenne. This 
can be inferred from the data of ECKSTEIN (1935), ZURN (1958), and others. 
If for the sake of brevity, the discussion is restricted to K and Ca, the relatively 
higher K a n d lower Ca level in Dactylis glomerata may originate from either a lower 
resistance against K uptake - resulting in a reduced effort to absorb Ca - or a higher 
resistance against Ca uptake, leading to an increased effort to absorb K. T h e da ta of 
DIJKSHOORN (1956) seem to indicate there is no difference in the resistance against 
K uptake. If this is true, the relatively lower Ca and higher K levels in Dactylis 
glomerata should be attr ibuted to a relatively higher resistance against Ca uptake in 
this species. 
I n the pot experiment discussed below both species have been studied to compare 
their cationic composition. In order to be able to detect any possible effect of dif-
ferences in the internal K and Na levels, fertilisation was applied as mixtures of KC1 
and NaCl of a constant number of chloride equivalents. This was done in order to 
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avoid a systematic trend in the external supply of total cations and anions. 
The soils used were a sandy soil (A) and a river clay soil (B). Both were treated 
in a similar way. Each pot received 25 ml 0.5 m NH 4 N0 3 (350 mg N) and x ml 1 m 
KG1 + (30 — x) ml 1 m NaCl. By varying x, series of pots were prepared with an 
increasing number of K equivalents and a correspondingly decreasing number of Na 
equivalents in the dressing. The pots were planted with Lolium perenne and additional 
series were planted with Dactylis glomerata. After clipping they were kept in the green-
house and after four weeks the herbage produced was collected. 
The dry matter yield and the nitrogen percentage appeared not to depend on the 
composition of the fertiliser. On the average, Lolium perenne produced 13.0 ( ± 0.5) 
and Dactylis glomerata 8.5 ( ± 0.5) g dry matter per pot. This difference should not be 
considered as a measure of the actual productivity of the species because it may have 
its origin in the planting density or in a difference in the amount of green leaves left 
after clipping. 
In figure 1 the internal concentrations of the cations have been plotted against 
the number of mg equivalents of K and Na applied in the dressing. The left-hand 
graphs relate to the series prepared with the sandy soil (A), the right-hand graphs 
give a record of those with the clay soil (B). 
A comparison of the plant species reveals that relatively higher K and Mg vlaues 
are present in Dactylis glomerata and that this species is lower in Na and Ga. This is also 
shown by the mean values listed in table 1. The mean values indicate that total 
cations are approximately the same. 
It can be inferred from these results that both species have absorbed approxi-
mately the same number of cation equivalents for each kg of dry matter produced. 
The only difference relates to an increased contribution of K and Mg at the expense 
of Na and Ca in Dactylis glomerata. 
As mentioned before, the yield of Dactylis glomerata was lower. Its higher K values 
may have resulted from a lower degree of K depletion. In this case the lower Ga 
values may have been induced by antagonism. Before connecting the difference in 
cationic composition with the cation selectivity of the species, it is necessary to check 
on any possible interference of depletion. If the difference would depend on the balance 
between uptake and available amount, as a consequence of the difference in the 
TABLE 1. Mean values of the concentrations observed in the yield of Lolium perenne and Dactylis glome-
rata, grown under identical conditions on soil A (sandy soil) and soil B (river clay soil) 
Soil 
A 
B 
Species 
Lolium perenne 
Dactylis glomerata 
Lolium perenne 
Dactylis glomerata 
mg equivalents per kg dry matter 
K 
959 
1205 
972 
1191 
Na 
224 
85 
231 
99 
Mg 
220 
232 
233 
264 
Ga 
531 
311 
469 
381 
Sum 
1934 
1833 
1905 
1935 
N 
3270 
3280 
3325 
3215 
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FIG. 1. Cationic composition of herbage 
of Lolium perenne (Lp) and of Dactylis 
glomerata (Dg), grown on a sandy soil (A) 
and on a river clay soil (B) in mg equi-
valent per kg dry weight. C = total ca-
tions. The abscissae indicate the number 
of mg equivalents of K and Na applied in 
the dressing as the chlorides. 
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amount of herbage produced, it is of secondary origin and not a true reflection of the 
plant's selectivity. 
Using the graphs it is easy to compare the species on the same internal K level 
by selecting the values at the highest rate of K application in Lolium perenne and the 
lowest rate of K application in Dactylis glomerata. This comparison again results in 
lower Ca and higher Mg values in Dactylis glomerata and proves that this is not 
conditioned by higher K values. Hence the difference found in the cationic composi-
tion of the species is not due to any interference of the K balance between uptake and 
supply, but indicates a difference in their selective ability. 
4.2. T H E RELATIVE RATE OF UPTAKE OF THE CATIONS FROM SOLUTIONS BY 
DACTYLIS GLOMERATA 
The results of the pot experiment indicate that Dactylis glomerata differs from Lolium 
perenne in its ability to discriminate between the monovalents K and Na, as well as 
between the divalents Mg and Ga. 
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The pronounced cation selectivity inherent to the former species has been de-
monstrated by the results of an experiment with series of solutions in which one of the 
cations present has been gradually replaced by equivalent amounts of another cation, 
according to the schedule represented in table 2. Two series of solutions were used, 
one of which comprised a series in which Na was replaced by K, the other repre-
senting a replacement of Ga hy Mg. They were prepared by varying the value of x 
in table 2 and this value relates to the concentrations in the solutions listed in table 3. 
In the way outlined in the experimental section 3.2. clipped plants have been kept 
on the solutions during four weeks. Thereafter the herbage produced has been col-
lected. 
The dry matter yield, its nitrogen percentage and the internal ionic concentra-
tions of cations have been listed in table 3. It is seen that the yield and its nitrogen 
percentage has not been clearly affected by the composition of the solutions applied.2 
The internal K and Na concentrations in the Na-K replacement series are re-
corded in figure 2. A similar record is given of Mg and Ga in the Ga-Mg series. The 
values are plotted against the initial concentration in mg equivalents per liter 
solution. 
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FIG. 2. Evaluation of the relative rate of uptake of the 
cations from solutions in the herbage of Dactylis glomerata. 
Compare tables 2 and 3. 
2
 In the Ca-Mg series a lower yield is found at nil Ca. Generally the absence' of Ca in the nutrient 
solution retards root development and reduces the yield if Mg is included. 
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The gradient of the lines relating to the cations varied in the solutions is used to de-
cide which of the cations possesses the greater relative rate of uptake and accordingly, 
offers the least resistance against uptake and translocation to the herbage. The evalua-
tion of these gradients has been made by computing the coefficients of linear regres-
sion of the internal concentration in the herbage on the initial concentration of the 
solution, the latter value relating to the cation applied in the replacement, viz. K in 
the Na-K series and Mg in the Ca-Mg series. 
TABLE 2. Ionic concentrations, in mg equivalents per liter, of the solutions used 
experiment on the relative rate of uptake of the cations in Dactylis glomerata 
in the 
TABLE 3. 
Elements 
K 
Na 
Mg 
Ca 
CI 
so4 
H 2 P 0 4 
NO a 
Ionic concentrations of the solutions 
mg equivalents 
Na-K replacement 
series (A) 
X 
3 .33-x 
1.66 
7.00 
1.66 
1.66 
0.33 
8.33 
per liter 
Ca-Mg replacement 
• series (B) 
3.66 
0.00 
X 
8.33 - x 
1.66 
1.66 
0.33 
8.33 
Dry matter yield in g, its nitrogen percentage and the internal concentration of the cations 
in mg equivalents per kg dry matter produced in the experiment with the N a - K replace-
ment (A) and the Ca-Mg replacement (B) series on Dactylis glomerata 
Series 
A 
B 
mg eq. per 
liter 
K 
0.00 
0.66 
1.32 
2.00 
2.66 
3.33 
Mg 
0.00 
1.66 
3.33 
5.00 
6 66 
8.33 
Na 
3.33 
2.66 
2.00 
1.32 
0.66 
0.00 
Ca 
8.33 
6.66 
5.00 
3.33 
1.66 
0.00 
Yield 
gd .m. 
13.2 
13.0 
13.8 
14.5 
12.9 
16.5 
12.7 
13.2 
14.1 
14.4 
13.2 
9.7 
% N 
4.13 
3.97 
4.21 
3.92 
3.88 
3.72 
3.88 
3.97 
4.12 
4.16 
4.08 
4.03 
mg equivalents per kg d. 
K 
891 
1125 
1215 
1300 
1610 
1651 
1820 
1852 
1790 
1628 
1695 
1515 
Na 
436 
274 
245 
158 
52 
26 
16 
23 
19 
20 
19 
23 
Mg 
243 
238 
233 
233 
213 
208 
94 
208 
203 
352 
362 
446 
m. 
Ca 
395 
367 
374 
399 
370 
353 
278 
332 
250 
228 
150 
64 
TABLE 3a. 
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Coefficients of regression of internal concentration in mg equivalents per kg dry matter, 
on the external concentration of K (series A) or Mg (series B), in the experiment on 
Dactylis glomerata 
Elements 
K 
Na 
Mg 
Ca 
sum 
Series A 
+ 230 
— 120 
— 11 
— 8 
+ 91 
± 23 
± 13 
± 2 
± 6 
± 13 
Series 
— 37 
+ 0.5 
+ 41 
— 28 
— 24 
B 
± 9 
± 0.4 
± 5 
± 6 
± H 
These gradients have been listed in table 3a. Their values show that the replace-
ment of 1 mg equivalent Na by 1 mg equivalent K per liter solution has led to an 
increase in K of 230 mg equivalents and a decline in Na of 120 mg equivalents per 
kg of dry matter produced during regrowth. The results of the B series indicate that 
the replacement of 1 mg equivalent Ca by 1 mg equivalent Mg per liter solution has 
been associated with an increase in Mg in the herbage of 41 mg equivalents and a fall 
in Ca of 28 mg equivalents per kg dry matter. 
The results indicate that of the monovalents K and of the divalents Mg is absorbed 
at a relatively higher rate by the herbage. According to the conception outlined in 
the introductory section 1.4 this may originate from a relatively higher resistance 
against the translocation to the herbage of Na in the monovalents and of Ca in the 
divalents. 
The results can be summarised in the sequence of rate of uptake: KD > NaD and 
MgD > CaD. The index refers to the plant species Dactylis glomerata. 
This sequence is the same'as the sequence formulated earlier by VAN ITALLIE 
(1938a) who mentions its validity for a number of plant species as inferred from 
observations on field crops. 
4.3. CALCIUM-MAGNESIUM SELECTIVITY IN LOLIUM PERENNE AND 
DACTYLIS GLOMERATA 
The difference found in the cationic composition of the two grass species (section 4.1) 
has been connected with a difference in the resistance offered against the transloca-
tion of the cations to the herbage. According to the data the resistance against Ca 
translocation should be greater in Dactylis glomerata, resulting in lower internal Ca. 
A smaller resistance against Mg translocation should be responsible for the higher 
internal Mg values observed in the herbage of this species. 
The method used in the study of the relative rate of uptake can be used to check 
on the correctness of this assumption. However, in the comparison of different plant 
species there is a restriction in its application. The gradients found will depend on 
the degree of depletion which results from the uptake of the nutrients applied. If the 
uptake is increased as a result of a higher yield the depletion is increased and con-
sequently the gradients become smaller. Accordingly the gradients can only be used 
to decide which of the two cations varied is absorbed at the higher rate. If the yield 
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has not been affected by the variation in the cations applied this conclusion is always 
correct, independent of the absolute values of the gradients. It is only necessary to 
adjust the external supply on a level sufficiently high to induce distinct effects on the 
composition of the herbage as required for the evaluation of the gradients. 
Using different plant species it is generally not possible to control the planting 
procedure in such a way that the same yield level is reached. The species with the 
higher yield will have been more subject to depletion and therefore have a tendency 
to show smaller gradients. 
This complication can be avoided by the use of mixed cultures of the plant species 
to be compared. In this case the degree of depletion of the solution is independent 
of the plant species eventually grown at different levels of yield and uptake, since 
their roots are kept immersed in the same solution. It can be assumed that depletion 
of the solution has been effective to the same extent and that the effect of the treat-
ment on the mineral composition of the herbage gives evidence on the actual selec-
tivity of the plant species to be compared. 
To trace any difference in the selectivity towards Mg and Ga mixed sets of the 
grass species have been prepared by planting in one half of the holes in the covers 
Lolium perenne and in the other half Dactylis glomerata (compare the experimental sec-
tion 3.2). After clipping the plants the covers have been placed on the vessels 
previously filled with each 6 liter of one of the experimental solutions. 
The solutions have been prepared according to the schedule given in table 4. 
By varying x, a series of solutions was composed, containing 6 mg equivalents Ca + 
Mg per liter, in which Ca was gradually replaced by Mg according to the values 
listed in the first column of table 5. 
The herbage produced has been collected after four weeks for each species 
separately and has been examined on Mg and Ga. On the average Lolium perenne 
produced 7.1 g and Dactylis glomerata 4.8 g dry herbage. The yield was not affected 
by the composition of the solutions. 
Mg and Ga in the herbage have been recorded in table 5. In figure 3 the values 
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have been plotted against their concentrations applied in the solutions. 
The graphs show that the relations are practically linear. The gradients have been 
listed in table 5a as the coefficients of linear regression. 
TABLE 4. Ionic concentrations, in mg equivalents per liter, of the solutions used in the experiment 
on selectivity towards Ca and Mg in Lolium perenne and Dactylis glomerata 
Mg 
Ca 
K 
Na 
X 
6.00 - x 
1.50 
0.00 
N O , 
H a P 0 4 
so4 
6.00 
0.50 
1.00 
TABLE 5. Internal Mg and Ca, in mg equivalents per kg dry matter, produced in the experiment 
on the uptake of Mg and Ca by Lolium perenne and Dactylis glomerata 
mg eq. per liter of 
solution 
Mg 
0 
1 
2 
3 
4 
5 
Ca 
6 
5 
4 
3 
2 
1 
Lolium perenne 
mg eq. per kg d.m. 
Mg 
69 
174 
228 
288 
392 
357 
Ca 
439 
432 
378 
328 
293 
178 
Dactylis glomerata 
mg eq. per kg d.m. 
Mg 
79 
208 
258 
332 
417 
506 
Ca 
385 
400 
335 
285 
257 
214 
The first column indicates the number of mg equivalents supplied per liter of solution 
TABLE 5a. Coefficients of regression of internal Mg and Ca concentration in mg equivalents per kg 
dry matter on the number of mg equivalents of Mg supplied per liter of nutrient solution 
in the experiment on Lolium perenne and Dactylis glomerata 
Elements 
Mg 
Ca 
Lolium perenne 
+ 62 ± 9 
— 51 ± 7 
Dactylis glomerata 
+ •81 ± 6 
— 38 ± 7 
The gradients show that the replacement of 1 mg equivalent Ca by 1 mg equiv-
alent Mg per liter solution has resulted in an increase in Mg in the herbage of 62 in 
the case of Lolium perenne and of 81 in Dactylis glomerata. The replacement has induced 
a decline of Ca in the herbage of 51 in Lolium perenne and of 38 in Dactylis glomerata. 
Accordingly the rate of uptake of Mg is relatively higher and that of Ca relatively 
lower in Dactylis glomerata as compared to Lolium perenne. 
These results on the relative rate of uptake can be summarised in the formula: 
MgD > MgL > CaL > CaD, in which the indices refer to the grass species (D = 
Dactylis glomerata, L = Lolium perenne). 
This shows that Dactylis glomerata is superior to Lolium perenne in its ability to 
discriminate between Mg and Ca during the process of translocation to the herbage. 
According to the interpretation of data outlined in the introductory section 1.4. this 
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process implies a lower resistance against Mg translocation and a higher resistance 
against Ca translocation in Dactylis glomerata as compared to Lolium perenne. 
Owing to the large standard error the small difference between the Mg and Ca 
gradients in Lolium perenne is not reliable. It indicates the reduced selectivity of this 
species as compared to Dactylis glomerata. 
The standard error involved in the evaluation of the gradients (table 5a) indicates 
that the conclusion on the difference in the rate of Ca uptake by the species has not 
been made with a sufficient degree of significance and the same holds for the difference 
in Mg uptake. These conclusions are supported, however, by evidence from the pot 
experiments (sections 4.1 and 5.1) and are therefore assumed to represent the actual 
conditions. 
4 .4 . POTASSIUM-SODIUM SELECTIVITY IN LOLIUM PERENNE AND 
DACTYLIS GLOMERATA 
In a preliminary communication of DIJKSHOORN (1956) on the ease of uptake of ca-
tions in the herbage of grasses it has been stated that the rate of K uptake is the 
same in Dactylis glomerata and Lolium perenne. The only difference in their behaviour 
towards the monovalent cations relates to a lower rate of uptake of Na in the former 
species. 
Since this conclusion is of importance to the correct interpretation of data a check 
has been made on its correctness. 
This was done by preparing mixed sets of the plants of both species. After clip-
ping they have been kept on solutions of K and Na nitrate with a total concentration 
of 5 mg equivalents nitrate per liter and varying amounts of K and Na.3 The concen-
trations applied have been listed in the first column of table 6. 
The herbage was collected after three weeks. The dry matter yield per vessel was 
on the average 4.5 g for Lolium perenne and 5.1 g for Dactylis glomerata. There was no 
effect of the treatment on the yield. 
The results have been listed in table 6 and a graphical record is given in figure 4. 
The gradients are shown in table 6a. 
The K gradients in the two species are the same within the experimental error. 
This indicates that there is no reason to assume that they differ in their resistance 
against K translocation to the herbage. 
In Lolium perenne the gradients of K and Na are practically the same, indicating 
a low selective ability. In Dactylis glomerata the rate of uptake of Na is distinctly 
lower. 
The results can be summarised in the formula: 
KL = KD = NaL > NaD, in which the indices refer to the grass species. 
3
 For the sake of convenience these two-salts solutions have been applied. Due to the internal reserve 
the clipped plants grow well for a short time in the absence of other elements, with the exception of N. 
Its further use is not recommended however, since the absence of Ca may render other cations toxic 
to the roots, as shown by a reduction in the development of the roots. It is preferable to prepare the 
replacement series starting from complete nutrient solutions. This effect has not been studied in detail. 
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glomerata (Dg) in
 m ; x d , 0'Lo1""" perenne (Lp) and Dactylis 
.
 e a c u
«ure. Compare table 6. 
it is striking that in the 
greater selective ability. m ° n ° V a l e n t ^tions
 a s well Dactylis glomerata show, the 
TABLE 6. Internal K and Na in m 
_ _ _ ^ ^ ^ r e ^ ^ , oy u,ilum pmme a n d ^ ^ ^ £ / o m f r a ; a in 
mg eq. per liter of 
solution Solium perenne 
mgeq.perkgd.m. Dactylis glomerata 
mg eq. per kg d.m. 
Na 
The firs. c o l u m n i n ^ ~ ^ ^ 
539 
503 
255 
119 
58 
61 
T A B L E 6a. p C - f f i ^ 
tion i n t h e T x p t r i m e n ! 5 ! 0 ^ 5 ^ ^ ^ K ^ r J 0 8 e q u i v a I e n t s P « kg dry matter 
i j ^ ^ 1 ^ perenne and Z W / ^ S U P P ' . i e d P e r l i t e r of nitrate solu-
Elem tents 
"perenne and /)„,, , s u P P l i e d er liter   
T„r <«Ws glomerata in mixed culture 
**olium perenne ^ ^ ~ — 
»73 ± 16 
156 ±
 28 
•D«/y w glomerata 
157 ± 29 
93 ± 17 
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5. EFFECT OF FERTILISERS ON L O L I U M PERENNE 
AND DACTYLIS GLOMERATA 
5.1. T H E UPTAKE OF CATIONS FROM NITRATE FERTILISERS IN T H E HERBAGE 
OF LOLIUM PERENNE AND DACTYLIS GLOMERATA 
After studying the selectivity in the uptake of cations from solutions, investigations 
have been continued on soil-grown plants in pot culture experiments. Since in practice 
fertilisation generally includes nitrogen as the element most frequently applied, use 
was made of the nitrates of K, Na, Mg or Ga in dressing the soil. In this way it was 
possible to study the uptake and its effect on the mineral composition as it proceeds 
at the increase of the nitrogen level. 
The plants used in this experiment have been seeded on the same date (March 21) 
in a glass house. Due to their vigorous growth they could be taken for the experiment 
in June. 
Series of pots were prepared with dressings varying from nil up to 40 mg equivalents 
per pot. The sandy soil was used. Enough replicates were made to prepare identical 
series planted with either Loliumperenne or Dactylis glomerata in monocultures. 
The herbage produced during the regrowth of the previously clipped plants 
(compare the experimental section 3.3) was collected after four weeks. 
A complete record of the data will be given in the next section. In figure 5 the 
mg eq/ 
1700 
1600 
20 40 
K 
0 20 40 0 20 40 0 20 40 0 20 40 
K Na Na Mg 
0 20 40 0 20 40 0 20 40 
Mg Ca Ca 
mgeq 
FIG. 5. Effect of increasing the number of mg equivalents of K, Na, Mg or Ca nitrate applied to the 
soil on the cationic composition of herbage of Lolium perenne (Lp) and of Dactylis glomerata (Dg) in mg 
equivalents per kg dry matter. Data of table 8. 
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cations in the herbage have been plotted against the number of mg equivalents 
nitrate applied. The series are referred to as the K, Na, Mg and Ca series, according 
to the nitrate used. 
The graphs show that the relationships are practically linear with the exception 
of K in the K series. The effect of K nitrate on K in the herbage is represented by curves 
bent towards the abscis, indicating that at increasing levels of application K has been 
gradually less effectively recovered in the herbage. This behaviour suggests that the 
application of K has been associated with the appearence of internal saturation. 
Another detail in the behaviour of K relates to its relatively larger increase in 
Dactylis glomerata. Since it was found that the resistance against the uptake of K in 
the herbage is the same in both species, this is not a true reflection of their actual 
selectivity. 
As will be shown in the next section this behaviour of K originates from total 
cation saturation in the herbage. It shows that conclusions on the selectivity of the 
species should not be inferred from experiments in which systematic trends in total 
cation and anion supply are inherent to their design without further consideration of 
the response of total cations and anions. 
In table 7 values have been recorded representing the mean of each cation in the 
herbage which has been administered in the fertiliser, viz. K in the K series, Na in the 
Na series, etc. They show that the herbage of Dactylis glomerata is again higher in K 
and Mg and lower in Na and Ga as compared to that of Lolium perenne. Figure 5 
shows that if similar treatments are compared this difference in the cationic composi-
tion is always found to be present. 
A numerical evaluation of the gradients has been made by computing the coef-
ficients of linear regression of the concentration in the herbage on the rate of applica-
tion of the corresponding cation. Instead of comparing the gradients in figure 5 it is 
more convenient to consult the values in table 7. The K gradients although actually 
non-linear have been included. 
The gradients show that in Dactylis glomerata Mg has been more effective and Ca 
has been less effective in raising their concentrations in the herbage. 
TABLE 7. Internal concentration (mean values of the series) and coefficients of regression of internal 
concentration in mg equivalents per kg dry matter, on rate of fertilisation in mg equivalents 
per pot, in the experiment on cation uptake from fertilisers by Lolium perenne and Dactylis 
glomerata 
Fertilisa-
tion series 
K 
Na 
Mg 
Ca 
Cation in 
herbage 
K 
Na 
Mg 
Ca 
Lolium perenne 
mg eq. per 
kg d.m. 
1176 
427 
246 
• 415 
gradient 
+ 4.52 ± 0.45 
+ 14.20 ± 1.89 
+ 4.21 ± 0.36 
+ 4.04 ± 0.41 
Dactylis glomerata 
mg eq. per 
kg d.m. 
1336 
295 
342 
386 
gradient 
+ 12.80 ± 2.44 
+ 11.70 ± 0.78 
+ 6.50 ± 0.46 
+ 3.65 ± 0.33 
The coefficient of regression indicate the gradients of K in the K-series, Na in Na-series, Mg in Mg-series, and 
Ga in Ca-series, as shown in figure 5. The mean internal concentrations also relate to the corresponding 
fertilisation series. 
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In the former species the Mg gradient is decisively larger than the Ca gradient, 
while in Lolium perenne this difference remains within the experimental error. Ac-
cordingly the greater selective ability of Dactylis glomerata for the divalent cations is 
reflected in their recovery from the dressings. 
The high values of the Na gradients indicate a large recovery of Na from the Na 
nitrate dressings. The values show that both grass species have recovered Na to ap-
proximately the same extent. 
Since it has been shown before that Dactylis glomerata offers more resistance against 
Na translocation to its herbage than Lolium perenne, this again is no true reflection of 
the selectivity. As will be shown in the next section (5.2) the large recovery of Na in 
Dactylis glomerata is related to its greater increase in total cations. This difference in 
the general nutritional status of the species has disguised their selective properties 
with respect to the uptake of K as well as Na. 
The higher rate of uptake of the monovalent cations from the dressings becomes 
apparent from the general aspect of figure 5. In the K and Na series any distinct 
increase in the cations not supplied in the fertiliser is either small or absent. In the 
Mg and Ga series there is an additional increase in other cations not added in the 
fertiliser, only K declines. 
This increase originates from the increase in total cations associated with the 
increase of the nitrogen level. According to their higher rate of uptake in the herbage 
the monovalent cations are able to provide the extra equivalents required. The 
divalent cations are translocated at a rate which is too low to complete the increase 
in total cations and consequently there is an additional uptake of cations not supplied 
in the fertiliser. 
Figure 5 shows that with the exception of the K series - in which K has been ap-
plied in the fertiliser in increasing amounts - the series indicate a continuous decline 
of K in the herbage at the increase of nitrate fertilisation. As appears from table 8 
(section 5,2) this decline is associated with an increase in the yield. From the data on 
yield and K concentration in the herbage the total amount of K translocated to the 
herbage has been calculated for each treatment. It appeared that, with the exception 
of the K series, the total amount of K present in the herbage has not been increased 
by the fertiliser. In the absence of K in the dressing the amount available in the soil 
has prevented any increase in the total amount of K absorbed. The decline of K in 
the herbage should therefore be attributed to K depletion which renders it impossible 
to maintain the high internal K level present at the lower yield level of the unfertilised 
plants. 
This difference in the response to the application of the monovalent and the div-
alent cations has been observed earlier by DIJKSHOORN (1957a, 1958c) in Lolium 
perenne. Dactylis glomerata behaves in a similar way since the effect is related to the 
ability to discriminate between monovalents and divalents, representing a general 
aspect of the behaviour of the grasses. 
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5.2. T H E EFFECT OF NITRATE FERTILISATION ON THE INTERNAL GATION-ANION 
BALANCE IN LOLIUM PERENNE AND D A C T Y L I S GLOMERATA 
I t was found that nitrate fertilisation affected the internal mineral balance in Lolium 
perenne in such a way that the ratio of the number of mg eq total cations (K + Na + 
+ Mg + Ca) and total anions (Gl + P + S + N) present in the herbage remained 
practically the same (DIJKSHOORN, 1957a). More detailed studies on the relation 
between internal nitrogen level and cation-anion ratio revealed that this ratio tends 
to decline if the internal nitrogen level increases, as a result of fertilisation (DIJKS-
HOORN, 1958a) or of harvesting at an earlier stage of maturity (DIJKSHOORN, 1958b). 
The cation-anion ratio should therefore not be considered as constant. The ef-
fect of fertilisation on the mineral composition of the herbage generally proceeds in 
such a way that the ratio varies within certain limits, its actual value depending on the 
nutritional status, mainly with respect to nitrogen. The restricted variance of the 
ratio renders it possible in many cases to obtain a qualitative picture of the effects of 
fertilisers on the assumption that the cation-anion ratio remains unaffected. 
The internal nitrogen level of nitrate-fertilised plants may be appreciably higher 
than that of unfertilised plants of the same age. This is found to be so, when the inter-
nal nitrogen level in the unfertilised plant has dropped below the values indicating 
nitrogen saturated growth, so that nitrogen depletion is regulating the internal 
nitrogen level (DIJKSHOORN, 1958b). This increase in N was found to be associated 
with a decline in the non-nitrogenous anions A ( = CI + P + S). Total anions 
A + N showed a marked increase however. As a consequence of the total cation-
anion balance this was associated with an increase of total cations. Seen from this 
point of view the increase in total cations originates from the nitrate uptake and 
therefore is independent of the cation added in the fertiliser. This cation only affects 
the relationships between the different cations in the herbage, their total number of 
equivalents being regulated by the internal cation-anion balance in uptake. Ac-
cordingly the mineral composition represented in terms of total cations, total anions 
and non-nitrogenous anions equivalents was found to be independent of the choice 
of the cation added in the nitrate fertiliser (DIJKSHOORN, 1957a, 1958c). The total 
number of cation equivalents represents the quantity actually involved in cation up-
take in the herbage (LUCAS and SCARSETH 1947). 
Since total cations apparently represents a fundamental quantity in the regula-
tion of uptake, it may be expected that any uptake of cation from a fertiliser will also 
depend on the response of total cations via the cation-anion balance. If there is a 
moderate increase in the total cations, the demand for extra uptake of cation is re-
duced and the recovery of the cation supplied in the fertiliser may consequently be 
low. If there is a marked increase in total cations as a result of fertilisation, the re-
covery of the cation may also proceed more effectively, especially if its resistance 
against translocation to the herbage, according to the type of cation (e.g. mono-
valent) is low. 
Confusing conclusions may be drawn from the study on the uptake of cations 
from fertilisers by different species, if the response of the total mineral balance is not 
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studied in detail. At this point it may be well to continue the discussion in terms of 
total cation and anion equivalents and to trace any possible difference in the behaviour 
of the species in the present experiment. 
A complete record of the analytical data is given in table 8. From these, the ad-
ditive quantities total cations C ( = K + Na + Mg + Ca) non-nitrogenous anions A 
( = CI + P + S) and total anions A + N4 have been computed. In figure 6 they have 
been plotted against the number of mg equivalents nitrate fertiliser applied. In the 
lower graphs the individual cations are represented, which have been recorded before 
in another arrangement. 
According to the routine adopted by DIJKSHOORN the values have been represented 
on a logarithmic scale. In this way any constancy of the ratio between total cations 
G and total anions A + N should be reflected in parallel trending lines representing 
these additive quantities.5 
Both species show a response being qualitatively equal to that found by DIJKS-
HOORN (1957a and b) in Lolium perenne. With an increasing rate of fertilisation there 
is an increase in N, total anions A + N and total cations G which is associated with a 
decline in the non-nitrogenous anions A. Also it appears that, within each grass 
species, the picture is the same for each series. Again the effect is independent of the 
cation species added in the fertiliser and only reflects the general response to nitrate 
application. 
A closer examination of the graphs brings out the following. 
Total anions and total cations in the unfertilised plants - with approximate values 
of 2500 and 1600-1700 mg equivalents respectively - have the same values in Dactylis 
glomerata and Lolium perenne, but the response to fertilisation of these quantities clearly 
depends on the species. 
In Dactylis glomerata there is an increase in total cations and total anions which 
can be represented by parallel lines, indicating that their ratio has not been distinctly 
affected. 
In Lolium perenne the lines representing total anions are somewhat more and those 
referring to total cations clearly less upward-trending. This results in a divergence of 
the lines indicating a decline of the cation-anion ratio at the increase of fertilisation. 
The ratios computed from the data of table 8 are plotted on a separate scale. The 
lines represent the values arrived at if the ratio is based on the lines drawn through 
total cations and total anions. Their parallel trend represents the approximation 
, • • <=• „V,n,,M be included. Most authors on the subject include Si m the 
« According to BEAR'S indications &i shouw D ^ ^
 V E N K A T R A M A N , 1958). As regards the 
divalent state (equivalent weight 14 compa *• ^
 form l y a d d S ; u n d e r the conditions of uptake 
very weak acidic strength of sihc acid ana its xe , Therefore, Si has not been included in the 
its equivalent weight is u n d e f i ^ a n d ^ o b a b y ry ^
 rfft „, ( 1 9 5 8 a ) . 
present results. Its omission has been based on i s 
i ' t th* unfertilised plants of the Na-series. This must be due to an 
6
 Low values occurred in the samples oi tnc u
 b e c a u ^ e a l l t h e analyses produced lower values of N, 
error in the preparation of the pots or m j a m P ' S>
 d r a w n a c c o r d i n g t o the average of the values 
protein N, nitrate N, and K. The dashed lines n 
found in the other unfertilised identical treatments. 
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TABLE 8. Yield in g dry matter per pot and ionic concentrations in mg equivalents per kg dry matter 
produced, in the experiment on nitrate fertilisation of Lolium perenne and Dactylis glomerata. 
Phosphorus and nitrogen are represented as monovalents, equivalent weight of oxalic 
acid : 45 
Dactylis glomerata: 
Fertiliser 
used 
KN0 3 
NaN03 
Mg(N03)2 
Ca(N03)2 
T a TV en n 
Rate of 
applica-
tion 
mgeq. 
per pot 
0 
10 
20 
30 
40 
0 
10 
20 
30 
40 
0 
10 
20 
30 
40 
0 
10 
20 
30 
40 
Yield 
% 
d.m. 
per 
pot 
10.9 
12.4 
13.0 
13.0 
12.8 
10.6 
11.4 
12.2 
12.2 
12.2 
11.4 
12.4 
12.5 
14.9 
14.2 
9.0 
11.3 
11.4 
12.9 
11.9 
K 
1006 
1244 
1422 
1478 
1528 
943 
991 
881 
870 
881 
1028 
972 
1040 
860 
1021 
1121 
930 
960 
926 
972 
mg equivalents per 
Na 
48 
48 
26 
26 
26 
61 
165 
323 
394 
533 
61 
84 
123 
142 
142 
48 
116 
161 
174 
145 
Mg 
248 
243 
233 
248 
263 
223 
243 
243 
268 
263 
208 
283 
337 
417 
466 
218 
248 
298 
312 
357 
Ca 
328 
318 
303 
307 
325 
303 
285 
275 
278 
271 
300 
339 
332 
364 
368 
314 
339 
393 
432 
450 
CI 
291 
296 
293 
271 
271 
299 
243 
271 
268 
240 
316 
288 
319 
251 
260 
330 
282 
288 
260 
245 
kg dry matter 
P 
89 
83 
84 
79 
79 
92 
92 
76 
82 
85 
90 
86 
81 
73 
73 
92 
87 
79 
79 
76 
S 
211 
190 
202 
190 
179 
198 
213 
190 
185 
181 
206 
202 
190 
179 
183 
206 
200 
194 
177 
179 
N 
1955 
2195 
2495 
2515 
2655 
1680 
2060 
2275 
2460 
2610 
1805 
2025 
2345 
2400 
2550 
1990 
2105 
2440 
2515 
2470 
N0 3 
121 
400 
521 
593 
671 
71 
171 
321 
379 
628 
121 
136 
421 
350 
493 
150 
179 
443 
514 
507 
Oxalic 
acid 
mgeq. 
per kg 
d.m. 
109 
116 
116 
113 
113 
109 
113 
113 
113 
111 
109 
111 
111 
105 
93 
102 
107 
107 
107 
made before on the mutual identity of the series. It is seen that this is not entirely 
correct in the case of Dactylis glomerata, since in the Na, Mg and Ga-series the values 
are located somewhat below the lines. This is due to somewhat lower cation values in 
he plants without K dressings. The possible origin of this effect will be discussed in 
the next section on the effect of K shortage. 
im a t ! l v^ t h e d i S C U S Snn i S 7 r e S t r i c t e d t 0 t h e statement that the ratio remains approx-imately the same in Dactylis glomerata and declines in Lolium perenne. 
eautv^Zl? 1 Pergnne h a S b C e n a W e t 0 t r a n s l °cate a larger number of anion 
T h k l " 1 7 e r . C a t l ° n ^ t a k e i n t h e h - k a g e as compared to Dactylis glomerata. 
the de o f d e n l 7 ^ Tl ^ T f U l t 0 C ° n S i d e r t H e P ° S S i b l e e f f e C t o f a *&*™* i n 
ZliumZnli P 7 , C t 0 t a l C a t i ° n S U P p l y- T h e y'leld d a t a ( t a b l« 8) show that Lohum perenne has produced more herbage. Its higher yield may have been associated 
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Lolium perenne 
Fertiliser 
KNOs 
NaNOs 
Mg(N03)2 
Ca(N03)s 
Rate of 
applica-
tion 
mgeq. 
per pot 
0 
10 
20 
30 
40 
0 
10 
20 
30 
40 
0 
10 
20 
30 
40 
0 
10 
20 
30 
40 
Yield 
g 
d.m. 
per 
pot 
11.7 
13.6 
15.3 
17.0 
18.8 
12.2 
12.7 
15.0 
13.7 
15.3 
13.0 
15.1 
16.5 
17.0 
17.0 
12.9 
13.9 
15.0 
16.4 
16.9 
K 
1030 
1163 
1248 
1199 
1238 
873 
800 
885 
805 
690 
1023 
1066 
945 
919 
896 
1008 
934 
873 
777 
860 
Na 
139 
110 
84 
87 
87 
142 
342 
345 
568 
739 
148 
148 
158 
187 
194 
136 
168 
190 
194 
181 
Mg 
183 
179 
174 
169 
179 
174 
179 
169 
193 
198 
174 
193 
238 
288 
337 
169 
179 
193 
228 
233 
Ca 
343 
364 
335 
335 
325 
343 
343 
296 
321 
310 
328 
343 
360 
385 
414 
335 
364 
432 
446 
496 
CI 
341 
355 
310 
288 
291 
260 
254 
251 
271 
234 
361 
341 
282 
288 
279 
299 
288 
293 
245 
245 
P 
103 
103 
94 
85 
87 
94 
94 
94 
94 
94 
106 
98 
93 
92 
92 
106 
103 
100 
82 
70 
S 
240 
271 
263 
254 
248 
215 
227 
246 
246 
238 
242 
248 
233 
223 
217 
227 
221 
221 
206 
194 
N 
1885 
2300 
2325 
2560 
2700 
1590 
1865 
2180 
2685 
2765 
1875 
2000 
2150 
2390 
2720 
1795 
1930 
2260 
2340 
2710 
NOa 
50 
207 
300 
364 
421 
21 
79 
179 
500 
450 
86 
100 
143 
357 
378 
64 
93 
179 
221 
471 
Oxalic 
mg eq. 
per kg 
d.m. 
51 
91 
71 
69 
69 
49 
58 
58 
67 
69 
58 
62 
64 
64 
64 
60 
56 
56 
44 
62 
L.S.D. (P = 0.05) for yield per pot - 2.2 
J j i *-nn which may have been responsible for its reduced total with an increased depletion, wnicn may n* 
cation concentration in the herbage interference of deple-
By means of the data available it is p o s a b l e w ^ 
•tion of the total ^ i o n supply is out o e^ q[ ^ . ^ ^
 [n Lglium pmme i s t h e 
Firstly it a F ^ ^ ^ ,
 i n d e p e n d e n t of the rate of uptake of the cation 
same in all series. 1 nis snows um 
supplied in the fertiliser.
 d i scussed in the previous section may serve to 
Secondly the antagonistic « J * * ^ ?
 I n t h e Jies w i t h a low rate of uptake, 
prove that cation shortage is not re p ^ ^ ^ ^ ^ ^ ^
 c a t i o n 
viz. Mg and Ca a ^ ^ ^ ^
 a t t r i b u t e d to an ability of the plant to ab-
not added in the fertiliser_ Thi^effect w ^ ^
 & ^ ^ ^ rf ^ 
sorb extra equivalents if it comes to 5 
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FIG. 6. Record of the mineral composition of the herbage of Dactylis glomerata (Dg) and of Lolium 
perenne (Lp) grown after the application of the nitrates of K, Na, Mg and Ca respectively at rates 
varying from nil upto 40 mg equivalents per pot. 
In the upper graphs total cations G = K + Na + Mg + Ca, the non-nitrogenous anions A = CI + 
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cations supplied. Apparently the available amount has been high enough to permit 
^ C r r t l in total cations had also been present in the K-series this would 
h a v ^ b e T n t r f e d in an additional increase in Na, M^and Ca S ^ h an m c r e ^ 
being absent in the K-series, the smaller increase m total cations present mLobum 
perenne cannot be related to depletion effe:cts explanation using the 
conception of DIJKSHOORN (1958b) on tne roic 
in the balance of cation-anion uptake.
 s t a r t g from ^ a s s u m p t i o n 
This conception ^ J ^ ^ ^ c u x m * uptake of an equivalent 
that the initial uptake of nitrate requ continuance of uptake and 
cation to maintain electroneutrahty and * a t during ^ ^ ^ ^ ^ ^ 
growth additional anions are absorMQ
 u a n i o n i s t r a n s f o r m e d 
change is assumed to depend on nitrate metabolism. 
, • A _i_ N have been plotted on a logarithmic scale. Nitrogen and 
P + S, nitrogen = N and total anions A + N have been p 
phosphorus are included as monovalent. _ 
The middle graphs show the c a t i o n • « £ * £ £ ^ 
The lower graphs represent the m ^ ™ ^ " > 
Data of table 8. 
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into organic nitrogen - corresponding to the reduction stage of ammonia - and during 
this process its anion equivalent is transferred to a hydroxyl anion. After the addition 
of carbondioxide it is present as a bicarbonate anion. 
Consequently if nitrate is metabolised to the non-ionic state its equivalent remains 
present as bicarbonate anion. It is assumed that the plant is able to excrete via the 
roots into the medium the bicarbonate anions produced and that this excretion is as-
sociated with the process of anion exchange permitting the entry of other nitrate 
anions without a concurrent uptake of cation equivalents. The result is a decline of 
the cation-anion ratio during the active uptake and utilisation of nitrate. 
The rate at which this cycle of anion exchange is able to operate will depend on 
the rate of nitrate metabolism which depends on the rate of growth. Also other pro-
cesses may interfere, rendering the cycle less effective, e.g. the fixation of bicarbonate 
in carboxylation reactions leading to the formation of organic acids. 
If plants having the same internal nitrogen level are compared, the cation-anion 
ratio will be lower in the individual which has either produced less organic acid6 or 
which has metabolised its absorbed nitrate equivalents to a relatively greater extent. 
The data on oxalic acid of table 8 show appreciably higher values in Dactylis 
glomerata. However, this does not indicate a higher organic acid content. In the grass 
species studied oxalic acid represents a minor constituent, the greater part of the 
organic acids being present as malic and citric acid. Moreover oxalic acid appears 
to be independent of the nitrogen level and the unfertilised plants of the two species 
differ to the same extent in oxalic acid, but are practically identical in cation-anion 
ratio.7 By lack of further information on total organic acids a check on their possible 
interference in the present results cannot be made. 
The data of figure 6 show that in the unfertilised plants nitrogen is the same in 
both species and represents on the average 1900 mg equivalents per kg dry herbage. 
As a result of fertilisation nitrogen increases up to approximately 2700 mg equiva-
lents. According to the observations of DIJKSHOORN (1958b), this value relates to 
herbage of Lolium perenne after four weeks of regrowth, provided that the effect of 
nitrogen depletion remains absent. His results show that the absence of depletion is 
associated with the presence of a rather high internal level of inutilised nitrate, found 
to be present in amounts up to 500 mg equivalents per kg dry herbage. 
In the present experiment the internal level of nitrogen saturated growth 
(2700 mg eq/kg) has only been reached at the highest rate of nitrate application. 
Therefore at the lower rates of application nitrogen depletion may have been ef-
fective in the regulation of the internal nitrogen level. The occurrence of nitrogen 
depletion tends to be associated with a fall in internal nitrate, as a consequence of the 
disturbance of the balance of uptake and utilisation (DIJKSHOORN, 1958b). 
0
 Organic acid may originate from carboxylation or from oxidative reactions. There is reason to assume 
that in both cases the equivalent involved originates from nitrate equivalents absorbed (SAID and 
DIJKSHOORN, 1958). 
7
 In Rumex acetosa oxalic acid represents a main constituent and was found to increase at the increase 
of the nitrogen level (DIJKSHOORN, LAMPE and SAID, 1959). Apparently oxalic acid production in 
grasses is too low to be affected, the effect of nitrogen possibly being located in malic and citric acid. 
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According to these conditions it may be expected that in the present experiment 
the internal nitrate level has been highly dependent on the rate of fertilisation. This is 
confirmed by the data on nitrate listed in table 8. 
In figure 8 these nitrate values, expressed as moles, have been plotted against 
total nitrogen8 in moles per kg dry herbage. It is seen that the (unfertilised) plants 
nitrate molts/ 
1 2 • -total N molev 3 F,o. 8. Nitrate in the herbage of Dactylis ^ ^ » ^ i Z " 
ot Lolium perenne (Lp, filled dots) £ ^ 2 ^
 t a b l e 8. 
of table 8) in moles ( = equivalents) per kg dry w g 
• • al nitrate but that the increase in nitrogen, 
low in nitrogen are very low i n ? n ^
 a s sociated with a substantial increase up 
resulting from the increase in iertmsau , ghmerata per kg dry 
to about 0.5 moles in Lolium perenne and 0.6 moles 
herbage. ,
 t h e m ghest rate of fertilisation is about 
The internal nitrate levd^reach^ t the^ hjg 
0.1 moles = 100 mg equivalents ^ ^ £
 t h e h i g h e r k ve l of nitrate ac-
According to the ™™™^n*^a may eventually account for its higher 
cumulation reached in Da^hs^T^ ^
 i t t value was found to have been 
cation-anion ratio, and the fact that in tni
 V 
less affected by the nitrogen level.
 o f a c a t i o n supplied in the fertiliser 
It has already been stated that the r ^ ^ ^
 t Q ^ i t i s u s e f u l t 0 discuss 
will depend on the response ol total ca. . ^ ^ ^ ^ ^
 e x p l a i n e d adequate-
some details related to the uptake ol can , ^ ^
 t Q t h e b e h a v i o u r o f 
ly in the preceding section, because they 
total cations. , .
 r o f K in the K-series. It is seen from the graphs 
These details relate to the ^haviour ^ ^ ^
 R ^ ^ h e r b a g e fa l a r g e r i n 
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 o b t a i n e d from appUcating the 
Dactylis ghmerata than in Lolium Peren™,
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as a result of complete reduct.on of nitrate 
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It is seen from the graphs that total cations exhibits a more moderate increase in 
Lolium perenne. This observation leads to the subsequent reasoning. If a cation is sup-
plied the increase in its internal level will also depend on any increase in total cations 
induced by the fertiliser, apart from its specific properties related to the resistance 
against translocation to the herbage. If the effect of the fertiliser is not associated with 
an increase in total cations, then the increase in the internal level of the cation ap-
plied is restricted to the number of cation equivalents rendered vacant as a result 
of an eventual antagonistic depression of other cations. 
This interference of the total cation saturation is reflected in the curvature of the 
lines representing the behaviour of K in the K-series. 
The linear response of Na, Mg and Ca in the corresponding series is apparently 
due to the absence of saturation effects, resulting from the decrease in K. Owing to 
the resulting vacancy in the uptake of total cations, there is an increased ability to 
absorb the cations applied in the fertiliser. 
The relatively high recovery of Na found in Dactylis glomerata should be connected 
with its larger increase in total cations. Although the resistance against Na transloca-
tion to the herbage is relatively larger in this species, this factor has been cancelled 
by its increased ability to absorb cations as a consequence of the different behaviour 
of the internal cation-anion balance. 
Although the conceptions selectivity and relative rate of uptake represent useful 
aids in the interpretation of data on the cationic composition of different species and 
its response to fertilisers, these basic conceptions should not be inferred from effects 
of increasing rates of application of a fertiliser. It is better to derive this information 
from experiments on the replacement of one of the cations by another and to compare 
their internal gradients with a constant external supply of anions and cations, thus 
avoiding larger effects of the treatments on total cations and total anions in the herbage. 
In using solutions instead of soil as a substrate, any possible effects of preferential 
adsorbtion of one of the cations by the soil system is cancelled and a better picture 
may be obtained of the actual selectivity as a specific relation between the plant and 
the ion species. 
5.3. THE EFFECT OF K. SHORTAGE ON GROWTH AND THE INTERNAL CATION-ANION 
BALANCE IN DACTYLIS GLOMERATA 
The total cation-anion balance shows there is an uptake in the herbage of an appre-
ciable number of anion equivalents in excess of the cation equivalents absorbed, 
which is reflected in a cation-anion ratio < 1. 
According to the tentative interpretation given by DIJKSHOORN (1958b) referred 
to earlier, this excessive anion uptake results from anion exchange initiated by nitrate 
metabolism. An advantage of this conception of the internal balance is that the prin-
ciple of electroneutrality in the uptake remains valid, and the cation-anion balance 
is directly connected with metabolism. 
This means that the cation-anion ratio will depend on the internal nitrogen level 
and metabolism. The reverse statement is that each internal level of nitrogen and 
metabolism is characterised by a certain fixed cation-anion ratio. 
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The question arises as to what will happen if plants are compared, one of which 
showing a definite shortage in external cation supply. In this case the plant short in 
cations will show reduced growth. It could be expected that growth is reduced to 
such an extent that the internal cation concentration remains unaffected by cation 
shortage. If the anion concentration in the herbage reaches the same level of total 
anions, then the cation-anion ratio would be the same. 
In the present experiment the effect of cation shortage on the internal cation-
anion balance has been investigated. According to its high rate of uptake K repre-
sents a suitable cation for ready supply of cation equivalents by uptake. Cation 
shortage may be easily induced by growing plants at a low K level. 
It was shown in the discussion on the experiments on the uptake of cations from 
fertilisers that the external supply of a cation of a lower rate of uptake may lead to 
an increase in the uptake of other cations. This may occur if total cations are increased 
as a result of fertilisation. In the case of K shortage extra equivalents may be absorbed, 
such as Ca. Although being characterised by a low rate of uptake this element is 
generally available on a sufficient level to supply additional equivalents, if required. 
To induce cation shortage by a low supply of K it is preferable to choose a species 
which possesses a relatively high resistance against Ca translocation to the herbage. 
According to the results of the experiments on the selectivity this is Dactylis glomerata. 
Since in the experiments on regrowth the amount of K present in the clipped 
plants becomes also available to the yield by the process of redistribution, it is advis-
able to select plants of a low initial K level. 
In view of these arguments old plants of Dactylis glomerata were taken from a plot 
in the garden which have been mowed several times before. As will be shown below 
TABLE 9. Mean dry yield in g per pot, mean dry matter percentage in the fresh yield, and internal 
concentrations of the elements in mg equivalents per kg dry matter produced in the experi-
ment on Dactylis glomerata plants which were previously brought to a low K level and there-
after used to investigate the effect of increasing rate of K and Ca nitrate fertilisation. 
Phosphorus and nitrogen are represented as monovalents 
Fertiliser 
used 
K N 0 3 
Ca(N0 3 ) a 
Rate of 
application 
mg. eq. 
per pot 
0 
10 
20 
30 
40 
0 
10 
20 
30 
40 
Yield 
gd .m. 
per pot 
3.2 
5.2 
6.7 
8.2 
8.9 
2.8 
4.7 
6.0 
6.3 
6.5 
% d.m. 
in 
fresh 
yield 
20.4 
19.1 
18.4 
18.0 
18.0 
21.0 
21.1 
20.5 
20.8 
21.2 
mg equivalents per kg dry matter 
K 
535 
957 
1091 
1219 
1299 
535 
329 
293 
267 
314 
Na 
148 
36 
19 
19 
23 
148 
213 
252 
239 
190 
Mg 
258 
179 
183 
183 
188 
258 
273 
327 
327 
357 
Ca 
435 
314 
268 
257 
253 
435 
496 
582 
660 
703 
CI 
268 
130 
96 
90 
87 
268 
195 
150 
135 
147 
P 
107 
78 
72 
66 
66 
107 
75 
69 
69 
70 
S 
206 
200 
200 
190 
179 
206 
202 
198 
181 
179 
N 
1740 
1910 
2260 
2600 
2825 
1740 
2010 
2540 
2810 
2895 
L.S.D. (P = 0.05) for yield per pot • u Z rl"? 
L.S.D. (P = 0.05) for % dry matter in fresh yield - u.' 
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the internal K level of these plants was low in the absence of K fertiliser and dropped 
to still lower values after nitrate fertilisation without additional K supply. The effect 
of K and Ca nitrate applications on the herbage produced after four weeks, was studied. 
The results have been listed in table 9. 
In figure 9 the dry yield has been plotted against the number of mg equivalents 
supplied in the fertilisers. It is seen that the yield has increased considerably as a re-
sult of fertilisation and that K nitrate has been markedly more effective than Ca 
nitrate. 
FIG. 9. The effect of application of the nitrates 
o f K a n d o f Caon the dry matter yield (g dm) 
per pot, on the dry matter percentage of the 
fresh material (% dm) and on the mineral com-
position of the herbage of Dactylis glomerata of 
initially low K level. 
In the non-nitrogenous anions A and in total 
anions A -f N nitrogen and phosphorus are 
included as monovalent anions. Further, records 
are given of total cations C = K -f- Na -f- Mg 
+ Ca, nitrogen N, the cation-anion ratio C/(A 
-f- N) and of the individual cations, in mg equi-
valents per kg dry matter. Abscissae: mg equi-
valents of the corresponding nitrate applied to 
the soil. Data of table 9. 
5000 a 
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Similar plots show that the effect of K nitrate is associated with a marked decline 
of the dry matter percentage in the fresh material. This decline is absent in the plants 
treated with Ca nitrate. 
These results show that K nitrate has definitely been superior in its promoting 
effect on growth, indicating that the Ca nitrate fertilised plants have been deficient in 
K. Visible symptomes of deficiency were absent, but they show reduced growth and a 
lower state of hydration. The internal concentrations of the elements have been 
charted in the usual way in figure 9. 
The lower graphs record the individual cations. It is seen that as a result of the 
increase in K nitrate fertilisation the increase in yield is associated with a decline in 
Na, Mg and Ca. As a result of a substantial uptake of K from the fertiliser the increase 
in K is large. 
The lower rate of uptake of Ca from the Ca nitrate fertiliser is indicated by the 
much smaller gradient of Ca in the Ca nitrate series, and its association with a rela-
tively smaller increase in the dry matter yield. Also an additional increase in Mg and 
Na is present as a result of the increase in total cations induced by the increase in N 
and total anions. Here K fails to share in the increase in total cations as a result of 
depletion, which becomes more effective in the regulation of the internal K levelas the 
yield increases. From the data on yield and internal K concentration it can be infer-
red that the total amount of K absorbed remains practically the same at the increase 
of Ca nitrate fertilisation. Apparently the amount of K available restricts total K 
uptake to that absorbed by the unfertilised plants and the increase in yield as a result 
of fertilisation with Ca nitrate is accordingly associated with a decline in the internal 
K concentration. 
As shown by the upper graphs the response of total cations, total anions, 
nitrogen and the non-nitrogenous anions proceeds according to the rules described 
before. There is an increase in N, A + N and C and a decline in the non-nitrogenous 
anions A at increasing rate of fertilisation. 
The non-nitrogenous anions A are higher in the Ca nitrate fertilised plants. This 
is due to somewhat higher CI and P values (table 9), induced by their more moderate 
degree of depletion associated with the reduced yield. 
Closer inspection of the graphs reveals that the response of the cation-anion 
balance is not the same in the fertilisation series. In the K-series total anions and total 
cations can be represented by lines running nearly parallel. Their slight divergence 
is related to some decline of the cation-anion ratio. This may represent the lowering 
effect on the ratio of an increase in the internal nitrogen level. In the Ca-series total 
anions behaves in practically the same way, but the increase in total cations is re-
duced. Accordingly there is a greater divergence of the lines representing total anions 
and total cations in the Ca-series and the cation-anion ratio declines to lower values 
than in the K. nitrate fertilised plants. 
The internal concentration results from the total amount absorbed and the amount 
of dry matter produced. Any increase in its value can be induced by either an increase 
in the amount absorbed or, in the case of shortage in the external supply, by a 
decrease in the dry matter yield. 
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I n view of the essential role of the cation-anion ratio in growth and uptake one 
might eventually expect that reduced cation uptake as a result of limited external 
supply could have reduced the yield to such an extent tha t its internal cation con-
centration remained unaffected. Such conditions would be reflected in the absence 
of any difference in the graphs representing the total mineral balance, provided 
that total anions have not been affected. 
The present results show however, that total cations remain relatively more be-
hind total anions in the Ca nitrate fertilised plants. These plants, al though reduced 
in yield, have grown beyond the cation-anion ratio observed in the K nitrate fertilised 
plants of the same internal level of anionic nutrients. 
Apparent ly the K shortage has permitted the Ca nitrate fertilised plants to shift 
their uptake of nutrients somewhat in favour of the anionic elements. Accordingly 
their growth has not been strictly limited by cation uptake. Their internal cation 
level has been reduced to a relatively lower level as compared to the plants fertilised 
with K nitrate. 
Of course this statement is based on the assumption, that the analytical data ac-
tually represent the relations in total uptake, although they originate from observa-
tions on the yield. I t is not difficult to invent mechanisms which might eventually 
be responsible for the lower cation-anion ratio in the Ca nitrate fertilised plants, if 
this ratio would have been the same for both fertilisers in total uptake by the whole 
plants, including basal parts and roots. For instance, in the fertilised plants low in K, 
par t of the cations may have been retained in the basal parts and their equivalents 
replaced by cationic organic substances in the further transport to the yield. 
Since nothing is known about the possible interference of such mechanisms in the 
uptake, it is preferred to relate the data to the actual balance of total uptake . T h e 
interpretation is then simplified to the statement tha t the Ca ni trate fertilised plants 
have been able to absorb the same number of nitrogen and other anionic equivalents 
a t a relatively lower number of compensatory cation equivalents. 
According to the assumptions on the role of nitrate metabolism in the regulation 
of the cation-anion ratio as outlined on page 29, the lower cation-anion ratio in the 
Ca nitrate fertilised plants may have resulted from a relatively more effective opera-
tion of the anion exchange cycle, e.g. as a result of a reduced carboxylation in meta-
bolism. If the rate of consumption of internally produced bicarbonate in carboxylation 
reactions should have been reduced in the K deficient plants, more of these meta-
bolites should have remained available for the process of exchange with anions from 
the medium. In this connection it should be mentioned that recent research on the 
metabolism of K deficient plants indicates that K deficiency is associated with an 
increased ability to decar boxy late aminoacids and with the appearance of putrescine 
resulting from decarboxylation of ornithine (COLEMAN et al., 1956, 1957). 
Although this interpretation of the present data is merely tentative, it is given 
here to indicate the sort of information which in the opinion of the author is required 
for further progress in the study of the cation-anion balance in uptake. 
37 
5.4. T H E EFFECT OF POTASSIUM FIXATION ON LOLIUM PERENNE 
The cationic composition of the selective grasses, if grown on soil, is generally 
characterised by its relatively high K value, and a decrease in the internal levels ac-
cording to the sequence K, Ca, Mg, Na (compare figures 1 and 5). This sequence dif-
fers from the sequence of increasing resistance against uptake, as inferred from the 
results of the replacement series, which in the case of Dactylis glomerata was found 
to be K, Na, Mg, Ga (figure 2). I n the cation uptake from the soil, the availability 
level of the individual cations is of course also effective in the regulation of the cationic 
composition. T h e relatively high internal Ca level results from high external Ga 
levels and the low Mg and Na levels are related to a more limited availability of 
these cations. Although the selectivity of the plant species is reflected in a relative 
shift in the mutua l relationships of the individual cations, cationic composition is 
governed to a certain extent by the relationships present in the external supply. 
As a result of the relatively low resistance against K translocation and the high 
availability of this cation in soils, K generally predominates in the selective grasses. 
But in the case of low availability levels there is reason to expect tha t the cationic 
composition will be changed in favour of the other cations, for instance Ca, causing 
a shift leading to relationships more typical of the less selective dicotyledons. I n the 
case of Dactylis glomerata this has already been demonstrated in the preceding section 
on the effect of low K. As a result of the high selective ability of this species, related 
to its higher resistance against N a and Ca translocation to the yield, there is reason 
to expect tha t the extra uptake of N a and Ca induced by low K, will proceed more 
difficultly t han in a species of lower selectivity. 
I t is therefore more illustrative to select Lolium perenne, which is characterised by 
a lower resistance against Na and Ca uptake to induce a shift in the cationic compo-
sition in favour of Na and Ca. 
basin clay soil sandy soil 
FIG. 10. Cations in the herbage of Lolium perenne 
grown on a basin clay soil with K fixation and on a 
sandy soil, treated in a similar way with either K 
nitrate or Na nitrate in amounts from nil upto 40 
mg equivalents per pot. Data of table 10. 
mg 
1200 
1100 
1000 
900 
800 
700 
600 
500 
400 
300 
200 
100 
0 
eqAg 
Ca-« 
r£ 
-"?/ -
& 
*§ 
joU, 
Mg 
"Ca 
H 
Mg 
20 40 
K 
20 40 
Na 
38 
In the present experiment, a low K level was induced by using a basin clay soil 
showing a heavy K fixation. The effect of two fertilisers, K and Na nitrate, comprising 
two cations of comparable rate of uptake in Lolium perenne (section 4.4), but affected 
in a very different way by the clay soil, was studied. For comparison/similar treat-
ments were prepared using the sandy soil. The treatments comprise the usual series 
of increasing amounts of nitrate (0-40 mg eq per pot). 
The results are tabulated in table 10 and a graphical record of the individual 
cations is given in figure 10. 
It is seen from the graphs that the effect of increasing the Na nitrate dressing of 
both soils results in a similar increase in internal Na, although the internal Na level 
is higher in the yield produced on the basin clay soil. The equal gradients indicate 
that the difference in properties of the soils has not affected the availability of Na 
from the fertiliser 
Decidedly lower K levels are present in the yield from the basin clay soil. Also on 
this soil the increase in K as a result of K nitrate dressing is moderate, since the 
similar treatment of the sandy soil results in an increase which is more than twice as 
large. - ' . . ' ' 
TABLE 10. Effect of K N 0 3 and NaNO s dressings on the cationic composition of Lolium perenne grown 
on a basin clay soil, showing K fixation, and on a sandy soil 
Soil 
basin clay 
soil 
sandy soil 
Fertiliser 
used 
K N 0 3 
NaNO a 
• 
KNO3 
N a N 0 3 
Rate of 
application 
m g e q . 
per pot 
0 
10 
20 
. • 30 • ••-
40 
0 
10 
20 
30 
40 
r - 0 
10 . 
20 ' 
30 
' 40 
0 
10 
.-- 20 . 
30 
40 
Yield 
gd .m . 
per pot 
13.4 
19.9 
18.3 
21.3 
15.1 
•19.4 
'16.2 
19.3 
20.4 
18.4 
13.8 
10.7 
15.7 
18.2 
17.5 
.13 .9 
15.1 
17.9 
18.2 
18.8 
% N , 
3.46 
3.18 
3.33 
3.35 
3.48 
3.20 
3.38 
3.41 
3.33 
3.51 
1.38 
1.38 
2.26 
2.56 
2.80 
1.73 
1.92 
2.14 
2.68 
2.61 
mg 
K 
355 
348 
403 
418 
476 
276 
327 
274 
261 
270 
671 
684 
960 
928 
981 
728 
607 
527 
558 
484 
equivalents per 
dry matter 
Na 
516 
462 
462 
384 
433 
426 
623 
755 
859 
949 
84 
74 
71 
94 
77 
129 
355 
436 
500 
613 
Mg 
238 
233 
238 
253 
248 
253 
243 
218 
213 
208 
179 
154 
188 
183 
188 
198 
164 
159 
183 
174 
kg 
Ca 
678 
635 
603 
571 
699 
589 
646 
517 
517 
453 
285 
203 
303 
289 
261 
278 
246 
.214 
232 
211 
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The low internal K level in the plants grown on the basin clay soil is apparently 
related to K fixation, because equivalent dressings with Na nitrate show a much 
steeper increase in the internal Na level. Analysis of the basin clay soil indicated 
64% clay fraction ( < 16 (i) and 21 mg per cent K aO soluble in 0.1 n HG1. River clay 
soils from other localities but of similar potash levels were found to induce much 
higher internal K levels. 
The reduced availability of K in the basin clay soil has induced a shift in the 
cationic composition in favour of Na and Ca and, to a lower extent, of Mg. 
According to the relatively high selective ability of grass it seems that a reduction 
in the amount of available K represents the most effective measure to increase the 
internal level of the divalent cations. As a consequence of the preference for K, little 
effect may result from the application of divalents as fertilisers if the availability level 
of K is high enough to induce the high internal K values generally present in grass 
yields. 
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6. SOME APPLICATIONS OF THE CONCEPTIONS 
OF CATION SELECTIVITY 
AND CATION-ANION BALANCE 
6.1. T H E EFFECT OF TEMPERATURE GRADIENTS ON THE FREQUENCY OF GRASS 
TETANY 
The results of the experiments discussed in section 5.2 indicate that the internal total 
cation level in the herbage depends on total anions and a trend in metabolism 
referred to as the ..internal factor" which is effective in the regulation of the cation-
anion ratio. 
The picture on the nature of the internal factor, which has been summarised in 
figure 7, provides a basis to interprete effects related to the cation-anion balance in 
the herbage. According to this any increase in the internal nitrate level requires an 
extra uptake of compensatory cation equivalents. Also an increase in organic acids 
may result in an increase in total cations. 
The observations on the individual cations have led to the assumption that the 
number of equivalents of each cation species in the uptake of total cations is regulated 
by the amount available and the specific properties of the plant species related to its 
cation selectivity. 
As a result of the uptake of anionic nutrients in the herbage there is a certain 
vacancy available in total cation uptake. Its amount is determined by the number 
Of equivalents of anionic nutrients and the cation-anion ratio inherent to the metabolic 
conditions. 
The individual cations will share in the total cation uptake, according to their 
relative rate of translocation to the herbage. If there is for instance a high resistance 
agains Ca uptake other cations which are able to supply the equivalents required 
at a relatively higher rate may contribute in larger amounts. In this case cation up-
take has already been completed before Ca enters in larger amounts 
As compared to the dicotyledons, grass is relatively high in K and this cation is 
more easily translocated to the herbage than the divalent cations THs hTgh I obility 
of K in grass is responsible for the fact that alterations in total cations L oton as-
sociated with large alterations in the internal K level. 
This would mean that any increase in trn^i ^r 
an increase in the internal nitrate "
 0r from S ^ ^ ^ f T ^ 
mainly reflected in an increase in K providec^ Z T " ' ^ ^ *"**' u 
enough to supply this extra up ta l f ' ^ a m ° U n t ° f K a v a i l a b l e i s h i g h 
to £ £ £ ^ — J ^ ~ ^ « * * . ^ b a g e relate 
found to increase in spring as /resull
 0 f 7 ^ ^ ^ ^ 7 2 £ 
In view of this evidence the effect of altf.r-a*-
composition of Lolium perenne has been s tud ied n "* t e m P e r a t u r e ° * the cationic 
instructive to rearrange their ^ ^ ^ J f ^ ^ ^ ^ ^ ^ ^ ^ T ) . ^ 
m terms of the cation-anion relationships, ac-
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cording to the routine used in the present interpretation of data. DIJKSHOORN sup-
plied the additional data on nitrate concentration in the samples which have not been 
recorded in their communication. 
The results of their 1956 experiment have been summarised in figure 11. Zero 
time relates to the date on which the treatment 10-20 has been transfered from 10° C 
to 20° G and the treatment 20-10 has been transfered from 20° C to 10° C. These 
mg«q/kg 
10-10 
6000 
20-20 10-20 20-10 
0 10 20 0 10 20 0 10 20 0 10 20 
days 
FIG. 11. Record of data on the effect of temperature 
and of alterations in temperature on the internal 
cation- anion ratio C/(A + N), total cations C - K 
+ Na + Mg + Ca, the non-nitrogenous anions 
A = CI + P + S, total anions A + N and nitrate 
(NO,) in the herbage of Lolium perenne, in mg equi-
valents per kg dry weight. 
Calculated from data of DIJKSHOORN and 'T HART 
(1957) and additional data on nitrate in the samples. 
For explanation see text. 
, , ii A ^frerthe beginning of regrowth.Theone-temperature 
^ ^ . . ^ k r ^ ^ ^ n ^ ^ ^ ^ fhh te£perature during the entire 
treatments ^ ^ f ^ ^ Z represent the average, fluctuations having 
S ^ T T ^ u S d u . t c . i in the control of the temperatures m 
been present as a come4u original communication), 
the greenhouse compartments used (c;.J* J 1 ^
 d e d i n e i n n i t r o g e n 
. It appears that the treatments l ™ ™ £ £
 h e r b w h i l e t h e r e is little effect 
and total anions at the increase of * c ^ f * e h e fn' i s a s s o c i a t e d w i t h a n 
of the age on total cations. ^ ^ ^ ^ ^ ol ^ h e A t ^ vroc^ 
increase in the cation-amon ratio, i
 t T h e m o r e r a p i d d e c l ine of nitrogen 
' ?£%2^»&t£*^ «*. «*is more easily seen in the linear p a S ; ; ^ ^ S ^tz^r^^treat" 
ments and shows a downward trend at the increase of the age. 
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I n comparing the results of the two-temperature treatments 10-20 and 20-10, it 
is seen that the cation-anion ratio rises more steeply after transference of the plants 
from 10° G to 20° G than after the transference from 20° C to 10° G, higher values 
being reached at the ageing of the herbage submitted to the former t reatment . 
An examination of the graphs shows that this difference in the effect of the two-
temperature treatments is mainly due to the presence of a large increase in total 
cations following the transference from 10° G to 20° C, while after the transference 
from 20° C to 10° G total cations show a decline during subsequent ageing. 
This behaviour of total cations represents the general aspect of the effect found by 
DIJKSHOORN and 'T H A R T . The increase in K excess observed after transference from 
10° G to 20° C originates from cation selectivity of the grass species involved, leading 
to a relatively large uptake of K from the soil used, which was high in K. 
Given this cation selectivity, the effect of DIJKSHOORN and 'T H A R T is associated 
with the behaviour of the cation-anion balance. I t remains to be explained why there 
is an increase in total cations after a rise in temperature, which is altered into a decline 
after a fall in temperature. Since total anions is affected in relatively the same way, 
an interference of the internal factor regulating the cation-anion ratio is apparent ly 
involved . • ' • ' . ' 
T h e graphs of figure 11 show that the internal nitrate level responds in a typical 
way to the change in temperature. The observation, made one day after the 10-20 
transference, relates to a relatively low internal nitrate level as compared to tha t pre-
sent in the herbage at the moment of transference at zero time. 
Apparently during the first day after the transference to the higher tempera ture 
there has been a rapid metabolic consumption of internal ni trate. Subsequently 
there is a steady increase during the next ten days. I n this period the initial ni t rate 
level is gradually restored. 
Internal nitrate represents an index of the balance of the rates of uptake and con-
sumption in metabolism. This balance has been shifted in favour of internal consump-
tion by the increase of temperature, leading to a temporary lower internal ni t rate 
level. As a result the uptake is increased until the internal nitrate level has been re- . 
stored. This process takes about ten days to complete. I t should be noticed tha t this 
period equals that found by DIJKSHOORN and ' T H A R T for the time required to reach 
the maxima in K-excess and hydration of the herbage (compare figures 6 and 7 in the 
original communication). 
T h e increase in nitrate up to the maximum covers a range of about 300 mg 
equivalents. The increase in total cations is of the same order of magnitude. 
Since according to DIJKSHOORN (1958b) any increase in the uptake of internally 
accumulated nitrate may require the uptake of extra compensatory cation equivalents 
(paired uptake), the increase in total cations after a rise in temperature can be con-
nected with nitrate accumulation. This assumption is supported by the coincidence 
of the maxima in nitrate and K-excess, by the equal number of equivalents of total 
cations and nitrate involved in the alterations, and by the pronounced decline in 
nitrate, total cations and.K-excess in the herbage after a fall in temperature . 
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6.2. DICOTYLEDONOUS HERBS IN GRASSLAND 
Numerous communications deal with the importance of raising; the Ca level in the 
ZZ17Zintroduction or maintenance of dicotyledonous herbs in the sward^ 
S a i l e d from the same locality, these herbs are generally much higher in Ca than 
f h e T a t ^ T h e presence of a certain percentage of dicotyls may result in higher Ga 
levetrriilyledL.Us may indite that in ^  *£%££ 
difference between Ca and the ^ no^s.njhc ™ £ * J * *S ^
 c a t i o n 
a very high internal Ca level in Plantago lanceolata (FAGAN and WATKI , 
THOMAS et al., 1952). •
 tW ',»H hv the present author, this species 
strate the behaviour of a dicotyledonous plant.
 p v a l u a t e d b y means of series 
Its selectivity towards ^ ^ ^ ^ ^ ^ ^ ^ ^ 
of nitrate solutions with a constant nitratecon
 n t ) t h e o t h e r series 
series represented mixtures of Na and K nitrate (Na P ^
 & r e 
mixtures of Ca and Mg (Ca-Mg - P 1 - ^ ^ * £ t i o n of the last mentioned 
solution of the first mentioned cation, the last
 g ^ ^ . ^ 
cation. The concentrations of both cations m mg eq per app 
are listed in the first column of table 11. , „ . r d e n a n d n x e d on the covers 
The p t a . were collected » - £ « £ p£=ed on the nitrate solution, 
of the vessels in the usual way. Thereafter tney w
 F 
After 16 days the' herbage was coUecte,*•
 o f ^ e x p e r i m e n t a l treatments, 
The plants were not ^ V f j ^ ^ ^ ^
 c o v e r s a n d the new shoots were 
because previous clipping induced tille g ^
 r e p r e s e n t s t h e t o p s originally 
unable to emerge through the ho l e s ine y
 i m e n t a l p e r i o d . Since the results 
present and the amount produced during r ^ ^ ^ ^ ^
 t e c h n i q u e w a s 
relate to relative gradients ol the m a m 
considered not to affect the general ^ c h i s i o . ^ . ^ ^
 c o n c e n t r a t i o n s o f t h e 
The results are listed in ^ " J ^ ^ t h e series are plotted against the initial 
cations which have been varied in eacn corresponding regres-
concentrations in the experimental solutions. In table 
sion values are recorded. ,
 f t h e lines in the graphs indicate the 
The regression values and the -g«d«nte .ol
 t h e r e s u l t Gf similar 
very low selective ability of Plantaj o a * ^ " ^ ^
 s e c t i o n s 4 . 2 . 4 . 4 . The 
experiments on ^ eir »;r = x x . *.—— •** 
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FIG. 12. Evaluation of the relative rate of uptake o f K a n d N a a n d 
of Mg and Ca from solutions in the herbage of Plantago lanceolata. 
Ordinates: mg equivalents per kg dry matter. 
Abscissae: mg equivalents per liter of the solutions applied. 
Compare table 11. 
most striking detail is the absence of higher gradients for the monovalent cations, 
which appeared to be typical of the selective grasses. Here the regression values 
T A B U , 11. Dry matter yield in g per culture vessel, its nitrogen percentage and the internal concen-
ration of the cations in mg equivalents per kg dry matter produced in the experiment with 
.the Na -K replacement (A) and the Ca-Mg replacement (B) series on Plantago lanceolata 
Series 
A 
B 
mg equivalents 
per liter 
of solution 
K 
0 
1 
2 
3 
4 
5 
Mg 
0 
1 
2 
3 
4 
4.5 
5 
Na 
5 
4 
3 
2 
1 
0 
Ca 
5 
4 
3 
2 
1 
0.5 
0 
Yield 
gd .m . 
35 
32 
45 
34 
42 
33 
37 
37 
37 
34 
36 
43 
35 
% N 
1.49 
1.44 
1.31 
1.49 
1.34 
1.55 
1.54 
1.43 
1.52 
1.38 
1.44 
1.37 
1.66 
mg equivalents per kg dry matter 
K 
437 
503 
490 
514 
633 
749 
456 
484 
350 
414 
412 
435 
427 
Na 
355 
310 
226 
252 
145 
100 
74 
58 
81 
81 
68 
71 
90 
Mg 
104 
109 
99 
114 
89 
114 
134 
149 
233 
228 
342 
362 
481 
Ca 
771 
799 
692 
792 
699 
774 
1056 
1084 
1078 
999 
782 
810 
703 
, per liter solution applied 
45 
TABLE 11a. Coefficients of regression of internal concentration in mg equivalents per kg dry matter, 
on the external concentration of K and Na (series A) or Mg and Ca (series B), in the 
experiment on Plantago lanceolata 
Element 
K 
Na 
Na-K replacement 
series A 
56.4 ± 12.3 
49.8 ± 6.7 
Element 
Mg 
Ca 
Ca-Mg replacement 
series B 
63.5 ± 9.8 
77.2 ± 16.4 
indicate that both Mg and Ca are more readily translocated than the monovalents 
KandNa.Al though the experimental error is too large to make more precise state-
men* he results suggest that of the cations, Ca is absorbed at the highest rate. 
rpparenTly cation selectivity in Plantago lanceolata is entirely different from that Apparently cauoi y
 t h e r e ^ & h h s e l e c t i v e 
present in the more selective grasses, vvnne u e g 
i -i- ,.• • , Tr,-,rVf>H nreference for the monovalents and, in the case oi 
ability, resulting in a m a r k e d J ^ ™ ™
 M ^ t h e d i v a l e n t S ; Plantag0 
Dactylis glomerata, for K m the monovalents ana io g s t e n t s A certain 
lancLta is less able to discriminate between monovalents and divalent, A 
v S a ^ ^ ^ 
isolated to t h e f a c t ^ ^ ^ ^ 
external level of availabihty of « c h t f tta: • ^
 t r a n s . 
high for Ca this cation, not ^ « J j Z l g amount" in the uptake of cations^ location as in the grasses, shares m relatively large 
6.3. SOME DATA FROM FIELD EXPERIMENTS 
w n t < have indicated that the effect of increasing the 
depending on the amount in which tney herbage. 
p roVie f re l a t ed to their r e ^ v e rat , o J ^ £ ^ *
 a r e s u l t o f a r i s e in N 
If the availabihty of one of the «
 rf ^ ^ . ^ p r o c e e d s a s a r e s u l t o f 
is reduced or remains absent, ana tne ^ ^ ^
 0f availability. If the availability 
an increase in other cations present 8 ^ ^
 c a s e o f ^ ^ i s inCreased 
ofa cation ofrelatively higher rate o l u p t a K e , ^ ^ . ^ ^ ^ ^ ^ . ^
 m a y 
by the application of fertiliser l t s C ™
 e n t i a l u p t a k e . i n this case, the increase in 
increase substantially as a resuu oi
 F f u p t a k e e g Ca in the case of grasses, may 
the other cations of r e l a t i v fY™*™
 ava ilability' level is high enough to permit an 
become reduced, provided that ™
 nhe c a t i o n Gf higher rate of uptake, 
increase in the uptake in the case of shortage 
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These effects occur in the field as well. To demonstrate this, data have been taken 
from a field experiment made by Mr. A. KEMP from the Institute.9 
The experiment comprised four potassium levels 0-100-200 and 300 kg KaO per 
hectare as muriate of potash 40% and seven nitrogen levels 0-40-80-120-160-200 and 
240 kg N per hectare as nitrochalk. 
Each potassium level was investigated on the effect of the seven different nitrogen 
levels. Muriate of potash was applied in the middle of March and nitrochalk (20% N) 
fifteen days later. Samples were taken on the 4th and 5th of May, from which the 
dicotyledonous herbs were removed. In this way samples have been investigated 
representing only the grasses of the swards. This was done to reduce complications 
related to possible alterations in the percentage of herbs as a result of the treatments. 
To show the effect of increasing the internal nitrogen level on the cationic composi-
tion of the grass samples, the data have been summarised according to table 12. Data 
is given on the mean crude protein percentage and the mean cation values in mg 
equivalents per kg dry matter for each potash treatment to which increasing rates of 
N have been applied. The mean crude protein values have been listed in the fourth 
column. The cations K, Na, Mg and Ga and total cations G (K + Na + Mg + Ca) 
in the next columns. Each second sub-column records the coefficients of regression 
of mg equivalents of the corresponding cation (or total cations) on percentage content 
crude protein. These values indicate the gradients of the lines drawn through the 
observational data recorded in figure 13. The relationships between cations and crude 
protein values have been considered as linear. The graphs show that this is only ap-
proximately true but the assumption facilitates the demonstration of the main effects. 
Instead of relating the observations to the rates of application of fertilisers, the data 
have been studied in its dependence on the internal nitrogen level which, apart from 
the effect on the yield, represent the actual effect of the N treatments. 
It is seen that total cations and the individual cations increase as a result of in-
creasing the internal N level by the application of nitrogen fertiliser. To evaluate the 
share taken by the individual cations it is convenient to consult the values of the gra-
dients recorded in table 12. The third sub-column gives the standard error of the coef-
ficients of regression. All the gradients have a positive sign. 
It is seen from table 12 that the mean K values increase if the rate of potash ap-
plication is increased according to the sequence K0, Kl , K2, K3. This increase is 
associated with a fall in the mean values of Na, Mg, and Ca, representing the general 
effect of cation antagonism. At the increase of available K the uptake of K is in-
creased substantially according to its relatively low resistance against translocation 
to the herbage. Consequently the uptake of the other cations of lower rate of uptake 
has been reduced since in the uptake the number of total cation equivalents represents 
the quantity actually involved, provided that specific shortage in cations essential for 
growth is not present. 
The data of table 12 and figure 13 show that as a mean there is an increase in 
» The author is indebted to M R . A. KEMP for the data and to M R . C. A. HOVEYN for-the computation 
of statistics. 
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matter plotted against crude protein 
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a field experiment on the effect of in-
creasing nitrogen applications at four 
different K levels. Data of KEMP (unpu-
blished). Compare table 12. 
it nf notash application. Since crude protein is practically the 
total cations as a result ol potasn yy ^ ^ ^ ^ ^ ^ ^
 o f v a n a n c e , t h i s 1S 
same for all K treatments as shown ^ ^
 t h i s i n c r e a s e in total cations is 
not due to increased N uptake. P ^ ^ ^
 0f chloride uptake from the potash 
£&?£££££$£>in «te " ° t a s e "e not included"is "ot possible 
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TABLE 12. Mean crude protein percentage and mean K, Na, Mg, and Ca in mg equivalents per kg 
dry matter of grass yields from a field experiment. Taken from data of KEMP (unpublished) 
Experiment 
CI 2166 
CI 2169 
CI 2167 
CI 2168 
CI 2170 
CI 2171 
Soil type 
clay peat 
clay peat 
clay 
clay 
sandy 
sandy 
K level 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
Crude 
Mean 
29.5 
30.4 
29.8 
30.3 
28.1 
28.0 
26.7 
27.8 
26.6 
26.4 
26.2 
27.4 
27.6 
28.1 
29.4 
27.8 
28.6 
27.9 
28.3 
28.8 
28.3 
28.3 
27.8 
27.3 
protein 
S.E. 
mean 
± 
2.5 
2.8 
2.8 
2.4 
2.5 
2.5 
2.4 
2.3 
2.3 
2.2 
2.4 
2.4 
2.3 
2.5 
2.5 
2.6 
2.2 
2.3 
2.4 
2.5 
2.8 
2.9 
2.7 
2.6 
mg equivalents 
Mean 
673 
857 
910 
940 
550 
794 
865 
848 
666 
746 
833 
837 
663 
843 
894 
898 
766 
887 
937 
956 
647 
876 
935 
907 
K 
C.R. 
+ 
4.4 
14.4 
18.1 
23.0-
7.4 
15.6 
17.9 
22.1 
11.8 
18.6 
21.8 
22.4 
10.0 
14.9 
24.9 
22.9 
12.0 
16.7 
21.2 
21.2 
7.3 
16.2 
19.7 
16.2 
S.E. 
± 
3.6 
2.4 
2.8 
3.0 
7.1 
4.4 
4.1 
4.4 
2.6 
3.3 
2.6 
3.1 
2.1 
4.7 
3.2 
3.7 
3.3 
2.8 
2.2 
1.4 
3.9 
2.2 
2.0 
3.0 
Na 
Mean 
146 
85 
69 
54 
123 
72 
61 
68 
131 
100 
73 
75 
84 
67 
47 
52 
27 
35 
44 
47 
100 
71 
50 
5 8 
Legend: 
K level 0-1-2-3: 0-100-200-300 ig KjO per hectare. 
S.E. mean: Standard error of mean crude protein. 
C R . : Coefficients of regression of the internal concentration on crude protein. 
S.E.: Standard error of the coefficient of regression. 
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mg equivalents 
Na 
C.R 
+ 
7.2 
5.4 
2.3 
1.6 
5.6 
3.0 
1.5 
1.4 
4.7 
3.1 
1.3 
1.6 
6.0 
4.0 
0.1 
0.9 
0.8 
1.1 
1.3 
0.6 
4.3 
2.6 
1.3 
1.3 
S.E. 
± 
3.0 
1.4 
1.1 
0.3 
3.2 
1.2 
0.7 
0.7 
1.3 
1.6 
0.6 
7.0 
0.9 
1.6 
0.4 
0.3 
0.4 
0.3 
0.5 
0.4 
1.8 
1.0 
0.3 
0.5 
Mg 
Mean 
139 
127 
116 
108 
143 
115 
106 
107 
126 
120 
110 
113 
127 
118 
107 
106 
112 
102 
96 
100 
126 
105 
96 
98 
C.R. 
+ 
5.3 
5.9 
3.5 
2.7 
4.3 
2.8 
2.6 
1.8 
4.1 
4.0 
3.6 
3.3 
5.5 
3.7 
3.0 
3.2 
3.0 
3.6 
2.5 
3.6 
4.7 
3.6 
4.0 
3.1 
S.E. 
± 
0.9 
0.3 
0.5 
0.1 
0.6 
0.3 
0.2 
0.4 
0.6 
0.5 
0.2 
0.3 
0.2 
0.3 
0.3 
0.3 
0.4 
0.4 
0.5 
0.7 
0.5 
0.4 
0.4 
0.4 
Ga 
Mean 
356 
329 
309 
300 
408 
341 
304 
304 
318 
317 
295 
310 
357 
327 
320 
294 
267 
254 
237 
228 
336 
312 
280 
274 
C.R. 
+ 
5.1 
3.6 
3.3 
1.5 
7.5 
6.5 
3.0 
3.7 
2.6 
4.2 
3.4 
3.8 
2.6 
1.9 
0.1 
1.4 
5.3 
5.0 
2.9 
3.1 
5.3 
4.9 
4.4 
2.7 
S.E. 
± 
1.1 
0.6 
0.7 
0.8 
2.8 
1.5 
0.8 
0.8 
1.2 
1.4 
4.7 
0.6 
0.7 
1.7 
0.9 
0.9 
0.6 
1.2 
1.3 
1.0 
2.2 
0.8 
1.1 
0.7 
Total cations 
Mean 
1315 
1397 
1404 
1402 
1224 
1321 
1336 
1327 
1241 
1283 
1312 
1334 
1230 
1356 
1368 
1350 
1171 
1277 
1315 
1331 
1209 
1364 ' 
1361 
1337 
C.R. 
+ 
22.1 
27.4 
27.3 
29.1 
24.8 
27.9 
25.1 
28.9 
23.2 
29.9 
30.0 
31.1 
24.2 
24.4 
27.9 
28.4 
21.1 
26.4 
27.9 
28.6 
21.5 
27.3 
29.4 
23.3 
G 
S.E 
± 
5.6 
0.9 
2.4 
2.5 
2.8 
2.9 
3.1 
3.9 
2.5 
4.3 
2.4 
3.2 
1.4 
2.6 
3.6 
3.7 
3.4 
3.0 
3.3 
0.7 
4.3 
1.3 
2.0 
2.7 
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treatment is related to an increase in total anions as a result of a substantial uptake 
of chloride from the fertiliser10. Of the non-nitrogenous anions, CI shows the highest 
rate of uptake (DIJKSHOORN, 1959) and may consequently be quite effective in 
changing the mineral composition when applied in fertilisation. 
The effect of increasing the internal nitrogen level on the cations in the herbage 
can be studied by comparing the gradients listed in table 12. It is seen that total 
cations C increase on the average with 23 to 28 mg equivalents par unit increase of 
crude protein percentage. This increase confirms the rules deduced from the pot 
experiments. There is, however, an anomaly present in the fact that the increase in 
total cations is higher at higher K levels. If the effect should have been strictly com-
parable to that found for nitrate fertilisation in the pot experiments, the gradients 
should have been either the same or eventually lower at higher K levels since the 
presence of a larger chloride uptake was found to reduce the gradient of total cations 
at the increase of N (DIJKSHOORN, 1958a). 
This anomaly may have originated from an additional effect of potash fertilisation 
on the relationship between nitrogen and the non-nitrogenous anions in the herbage. 
This relationship was found to represent a decline of the non-nitrogenous anions at 
the increase of nitrogen due to anion antagonism (DIJKSHOORN, 1957 a, 1958 a) which 
prevents an excessive rise in total anions (compare also figures 6 and 9 of the present 
communication). 
If this relationship would instead have been reflected in an increase in anions 
A at the increase of N (in place of a decline as found in the pot experiments) and this 
increase would have been larger at higher potassium chloride fertilisation levels then 
the occurrence of steeper total cations gradients in the potash fertilised grass would 
represent the direct result of the cation-anion balance of uptake. This important 
aspect, related to the difference between pot experiment and field data will be dis-
cussed further below, starting from other more complete data on the behaviour of 
pasture herbage. 
In reviewing the gradients (coefficients of regression of table 12) of the cations Na, 
Mg, and Ca, it is seen that their values become continuously smaller at the increase 
of the rate of K application as shown by the gradual fall of the coefficients of regression 
in the sequence K0, Kl , K2, K3. 
Thus the effect of the increase of K represents a decline in the other cations and a 
reduction of their gradients as well indicating that their share in the increase of total 
cations is also reduced. 
This effect of K on the gradients is directly related to the increase of the K gra-
dients as a result of potash application which appears from the large increase in the 
coefficients of regression for K and from the steeper K gradients in the graphs ac-
cording to the sequence K0, K l , K2, K3. Here also the effect can be represented by 
two aspects: an increase in the K level and an increase in the K gradient. 
The first aspect represents the direct effects of K application. The second aspect, 
10
 Apart from the possible effect of specific K. shortage on the internal factor, operative in the cation-
anion balance (compare section 5.3). 
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representing the increase in the gradient, requires further consideration. 
T h e application of nitrogen fertiliser has been associated with an increase in the 
yield. An increase in the yield tends to increase total uptake, but here depletion may 
counteract the increase in the total amount absorbed preventing proportionality 
between uptake and yield and consequently reducing the internal level in the herbage. 
I t is therefore probable tha t the lower K gradients of the treatment KO part ly result 
from more pronounced depletion in the absence of K fertiliser. This induces relatively 
steeper gradients of the other cations of lower rate of uptake. The inclusion of K in the 
fertilisers (series K l , K2 , K3) moderates this interference of K depletion a t the in-
crease of yield. Consequently the K gradient becomes more steep and as a result the 
gradients of the other cations are reduced. This demonstrates the preferential uptake 
of K and its regulating effect on the uptake of the other cations. 
T h e behaviour of the individual cations, as deduced from the results of K E M P , 
appears to be governed by the same principles of selectivity, antagonism and cation-
anion balance as found in the pot experiments. There was a discrepancy, however, 
in the unexpected behaviour of total cations reflected in an increase in the gradients 
as a result of potash application. For further application of experimental data it is 
important to trace its possible origin. 
T h e picture obtained in studying the effect of increasing N in pot experiments 
with clipped plants has been repeatedly established (DIJKSHOORN, 1957a, 1957b, 
1958a) to be comparable to that shown in figures 6 and 9 of the present communica-
tion. Ic shows an increase in N , total anions A + N, total cations C and a decline in 
non-nitrogenous anions A. 
T h e decline in the anions A includes a decline in phosphorus and sulphur 
(DIJKSHOORN, 1957 b) . T h e data of K E M P also include P values. An investigation of 
his data revealed tha t there has been present a steady increase of P at the increase of 
N. This renders it possible that here the increase in N has also been associated with 
an increase in the anions A. 
I n the reference cited above, increasing nitrogen was found to be associated with 
a decline in P and S, CI being little affected. However, in the replacement series of 
phosphate and sulphur, CI was on a very low level. If CI is increased by fertilisation 
(which in K E M P ' S experiment is very probably so after application of muriate of 
potash) then CI content in the herbage is likely to decline also at increasing N from 
its initially higher internal level (compare DIJKSHOORN, 1958 a) . 
Among the anions A, CI is generally subject to large variations in the internal 
concentration. I t remains possible that the KC1 treatments applied by K E M P have 
been associated with an increase in CI in the herbage and that in the presence of 
potash fertilisers there may have been a larger increase in the anions A at the increase 
of N. In this case the effect of nitrogen would have been associated with an increase 
in total anions A + N which is greater in the presence of KC1 fertilisation. According 
to the cation-anion balance of uptake this will result in steeper gradients of total 
cations in the treatments including potash fertiliser. For the present this seems the 
most likely interpretation for the higher gradients of total cations in the potash 
fertilised grass. 
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Data tabulated by POSTHUMA (1959) may also serve to demonstrate the effect of 
nitrogen, applied as nitrochalk, in the field. Some results listed in table 13 relate to 
the effect on the first and fifth cuts of pasture grass taken in spring and au tumn 
respectively. 
T h e first cut shows an increase in N, total cations G and anions A, as a result of 
nitrogen application. This is associated with a decline in the cation-anion ratio which 
may represent the general effect of increasing N. 
Thus again the field data reveal an increase in the anions A which was generally 
absent in the pot culture experiments. 
T h e question remains to be solved, wether this is characteristic for field conditions 
and if so, why. 
A review of the data obtained on the fifth cut reveals that here the increase in 
nitrogen is associated with a fall in the anions A. 
Here the results of the fifth cut are similar to that of the pot experiments with 
respect to the cation-anion balance and those of the first cut differ with respect to 
the behaviour of the anions A. Apparently the increase of anions A is not always 
present under field conditions. 
I n this connection BEAR'S conception on the cation-anion ratio can b£ applied. 
Although it has been shown before that the ratio is not strictly constant, its applica-
tion is often possible on the assumption that its variation is restricted. 
I n this case of nitrogen uptake any absorption of nitrogen as ammon ium may 
lead to a relative increase of the non-nitrogenous anions A. Since in the field ex-
periments referred to above, nitrochalk has been applied (including ammonium 
nitrate as the nitrogen source) uptake of ammonium may have occurred. According 
to BLACKMAN (1936) and RICHARDSON (1938), pasture herbage is able to absorb am-
monium. 
At higher rates of nitrification in the soil the application of ammon ium nitrate 
may lead mainly to an increased nitrate uptake because nitrification reduces am-
monium in the soil. The rate of nitrification depends on the soil conditions. EGGELTON 
(1934) and STREMME and SCHROEDTER (1933) have found that in pasture soils nitrate 
was low and ammonia high in April and May. The latter authors have shown that 
from J u n e to September ammonia disappeared at a higher rate as a result of more 
rapid nitrification. 
Thus in the early season nitrification may proceed at a lower rate and the effect 
of ammonium present m the fertiliser, may have been larger in the spring cut as 
compared to the conditions found in the cuts taken later in the season. This may 
have been the reason that the results of the fifth cut are more akin to those of the pot 
experiments with mtrate fertilisation. 
BOSCH (1952) observed higher values of the non-nitrogenous anions A after the 
application of ammonium sulphate instead of nitrochalk. This also indicates that a 
greater supply with ammonium may increase the anions A m n „ * u u 
me m m cut as low yields and a very low K 
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TABLE 13. Effect of application of nitrogen fertiliser (nitrochalk, 2 0 % N) on the mineral composition 
of the first (spring) and fifth (autumn) cuts of pasture herbage 
Exper-
iment 
Z W F 417 
ZWF 418 
ZWF 419 
Z W F 417 
Z W F 418 
Z W F 419 
Rate 
ofN 
kg/ha 
0 
100 
0 
100 
0 
100 
0 
100 
0 
100 
0 
100 
Cut 
1st 
16/5 
1st 
10/5 
1st 
23/5 
5th 
4/10 
5th 
28/9 
5th 
5/10 
Yield 
d.m. 
kg/ha 
2440 
4298 
730 
2040 
1583 
2829 
1387 
2318 
1129 
2567 
821 
1344 
K 
898 
953 
834 
900 
703 
609 
745 
624 
1106 
972 
680 
253 
Na 
81 
116 
35 
35 
61 
103 
136 
306 
48 
74 
158 
310 
mg equivalents per 
Mg 
99 
89 
114 
99 
89 
94 
208 
248 
199 
328 
169 
378 
Ca 
314 
293 
279 
264 
250 
254 
411 
472 
393 
511 
357 
521 
CI 
468 
488 
335 
361 
352 
375 
414 
197 
445 
285 
397 
183 
P 
431 
473 
367 
388 
338 
355 
506 
388 
620 
392 
498 
363 
kg dry matter 
S 
202 
204 
131 
144 
125 
117 
263 
210 
335 
192 
296 
154 
N 
2000 
2310 
1965 
2160 
1360 
1465 
2460 
2880 
2535 
3110 
2265 
3110 
C 
1392 
1451 
1262 
1298 
1103 
1060 
1500 
1650 
1746 
1885 
1544 
1462 
A 
1101 
1165 
833 
893 
815 
847 
1183 
795 
1400 
869 
1191 
700 
A+N 
3101 
3475 
2798 
3053 
2175 
2312 
3643 
3675 
3935 
3979 
3456 
3810 
c/ 
(A+N) 
0.449 
0.418 
0.451 
0.425 
0.507 
0.458 
0.412 
0.449 
0.444 
0.474 
0.447 
0.384 
Nitrogen was applied for each cut at the rates listed in the second column. Potash was applied in the spring for all treatments 
at the rate of 120 kg K 2 0 per ha as muriate of potash 40%. 
Soil types: ZWF 417 : peat, ZWF 418 : clay, ZWF 419 : sandy soil. 
Data of Rijkslandbouwconsulentschap voor Z.W.-Friesland taken from POSTHUMA (1959). 
The last column indicates the cation-anion ratio : C/(A + N). 
value in the N treatment. This is associated with high Na, Mg and Ca but still total 
cations is reduced as compared with N treatments of experiment ZWF 418. This re-
duced value for total cations is associated with a low value for the cation-anion ratio. 
Apparently K depletion has been effective in the N treated herbage on the cation-
anion balance of uptake in a similar way as found in the pot experiment on low K 
discussed, in section 5 3 
It is seen that with the exception of experiment ZWF 419, where K shortage has 
been present, the herbage of the fifth cut shows an increase in the cation-anion ratio 
at the application ofN and the corresponding increase in its N content. Since general-
ly N induces a fall in the ratio, this represents a special case which may eventually 
originate from an increased uptake of unmetabolised nitrate in the N treatment her-
bage, which requires the uptake of extra compensatory cation equivalents (compare 
sections 5.2 and 5.3). , , 
The effect of K shortage on the cation-anion balance in the herbage may also be 
demonstrated by data from the same reference, related to the effect of K application. 
In table 14, figures are given relating to cuts in the pasture-stage in three different 
seasons. They have been selected according to the very low K values of the untreated 
herbage and the comparatively large effect of K treatment on the yield. 
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I t is seen that in the fifth cut with comparatively low yields the effect of K on 
yield and K percentage in the herbage has disappeared and also there is little effect 
on the other mineral constituants. The cation-anion ratio is also unaffected. 
In the first and third cut there is an increase in the yield and K rises appreciably 
at the increase of K application. The very low K values of the nil t reatments indicate 
K shortage in the soil. They are below the 300 mg equivalents found to be associated 
with K deficiency in Dactylis glomerata (section 5.3, figure 9) at a comparable N and 
total anion level. These treatments also show relatively low values of the cation-
anion ratio which tends to increase at the increase of K. 
T h e cation values of table 14 show that Na declines considerably a t the increase 
of K and that the effect on Mg and Ca is relatively small. In the case of antagonism 
one might expect that the uptake of the ion which is most difficultly absorbed (in this 
case Ca) should be most susceptible to depression (DIJKSHOORN, 1959). I t is probable 
however that here the results should be interpreted in a reversed way by considering 
the moderate Na level at the higher K level first and attributing the marked increase 
of Na at the reduction of K to the relatively high rate of uptake of Na which enables 
the plant to complete its cation uptake effectively by increasing its N a absorption. 
The same trend is observed for Mg in the first cut. 
This relatively large susceptibility of Na towards antagonism also appears from 
data on the effect of K fertilisation collected by D E VRIES (1958). As a mean of 18 
fertilisation experiments on different soils the following alterations could be computed 
TABLE 14. Effect of application of potash fertiliser (muriate of potash 40 %) on the mineral composi-
tion of the first (spring), the third (summer) and the fifth (autumn) cuts of pasture herbage 
Rate 
ofK20 
kg/ha 
Gut 
Yield 
d.m. 
kg/ha 
mg equivalents per kg dry matter 
K Na Mg 
0 
60 
120 
200 
0 
60 
120 
200 
0 
60 
120 
200 
Ca 
1st 
11/5 
3rd 
17/7 
5th 
28/9 
2680 
2760 
3260 
3024 
2174 
2102 
2468 
2328 
1512 
1400 
1320 
1352 
CI 
287 
391 
535 
675 
243 
258 
345 
401 
329 
306 
261 
142 
342 
202 
229 
213 
592 
448 
456 
563 
277 
326 
313 
271 
204 
174 
174 
119 
288 
278 
258 
283 
372 
392 
323 
313 
436 
432 
429 
354 
429 
386 
386 
439 
397 
414 
397 
393 
344 
363 
561 
538 
707 
363 
487 
541 
403 
358 
386 
450 
392 
363 
367 
380 
414 
439 
401 
409 
502 
481 
477 
443 
•N 
215 I 2046 
175 [ 1829 
170 
83 
170 
210 
205 
193 
243 
250 
235 
220 
1794 
1909 
2629 
2274 
1302 
1124 
2400 ! 1218 
2354 I 1336 
1256 ! 951 
1303 
1399 
1290 
3120 
3063 
2789 
2754 
1638 
1580 
1489 
1540 
901 
1098 
1001 
A + N 
C/ 
(A+N) 
2997 
2730 
2892 
2910 
1291 
1012 
1093 
1143 
3920 
3286 
3493 
3497 
1148 
1089 
1098 
1113 
4268 
4152 
3887 
3867 
0.419 
0.477 
0.484 
0.443 
0.332 
0.342 
0.349 
0.382 
0.384 
0.381 
0.383 
0.398 
Potash was applied in the spring at the rates listed in the first ml,,™ j r . 
per ha as nitrochalk. Soil type: peat. n tn<= Urst column. Nitrogen was applied for nrh . . , , . „ , „ 
Data of Rijkslandbouwconsulentschap voor Z.W -Friesland , • * "*' ° f 4 ° ^ N 
The last column indicates the cation-anion ratio
 : c}(A + k T m W 5 ° 3 ' t a k e n f™» P°STHUMA (1959). 
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from his data: K: + 1.00 ± 0.07, Na: — 0.22 ± 0.06, Mg: — 0.09 ± 0.01, 
Ga: — 0.10 ± 0.01 which indicates the increase ( + ) or decrease (—) in mg equi-
valents per kg K 2 0 applied per hectare. Total cations in the herbage increased by 
0.58 ± 0.06 mg equivalents, related to the excessive rise in K. This increase in total 
cations may originate, via the cation-anion balance, from increased CI uptake in-
ducing higher total anions. The alterations are significant at a probability level cor-
responding to P < 0.01. 
In relation to the large selectivity of grasses reflected in a preferential uptake of mono-
valents, especially K, any effect of the divalents Mg and Ca applied as fertilisers for 
increasing the divalents in the herbage may expected to be small. Still the effect is 
important in relation to grass-tetany which is associated with hypomagnesaemia re-
sulting from reduced Mg availability to dairy cows. Efforts to increase Mg in grass 
by the application of magnesium compounds have been made. 
BOSCH and HARMSEN (1958) have reported results on the effect of the application 
of Mg as kieseriet at varying rates of N and K, on the composition of herbage at 
pasture stage grown on a sandy soil. Magnesium increased from about 100 mg 
equivalents up to about 150 mg equivalents per kg dry herbage and here these values 
were practically independent of the use of the other fertilisers which may be due to 
their relatively small effect on N and K in the herbage. 
Similar experiments have been conducted in England by PARR and ALLCROFT 
(1957) and in Ireland by SMYTH, CONWAY and WALSH (1958). The former mvestiga-
tors succeeded in increasing Mg content from 124 to 223 mg equivalents by applica-
tion of calcined magnesite. This large increase of nearly 80 per cent may possibly 
be related to the predominance of cocksfoot in the sward which appeared to absorb 
Mg more readily (section 4.3). . 
Although as compared with the possible fluctuations in K these effects oi Mg 
fertilisers on Mg concentration may appear small, they represent 30 to 80 per cent 
of the initial level and may deserve consideration for practical applications, *rom 
what has been stated before it may be expected that Mg fertilisation will be rendered 
still more effective when the K level is reduced by avoiding any excessive amounts ot 
K in fertilisation. ,. .
 r ,. 
With respect to Ca in the herbage it has been found that the application of »dmm 
nitrate reduces Ca as compared to other nitrogen fertilisers (VAN ITALLIE, , IM» <y. 
From the data of LEHR (1951) it can be inferred that Mg also declines if sodium 
nitrate is applied instead of calcium nitrate. This may result from antagonistic.ef-
fects induced by the large absorption of Na in his experimental plant Lohum raultx-
florum var. Westerwoldicum. . „ . . ., , .„ _,*• 
The lowering effect of Chilean nitrate on Ca can also be inferred from the data_ot 
the „Rijkslandbouwconsulentschap voor Zuidwest Friesland'' Advisory Service^for 
S.W. Friesland) compiled by POSTHUMA (1959) in the tables relating to the effect of 
different nitrogen fertilisers. . . , , .
 h -
Because these tables include complete data on mineral composition the data have 
also been investigated on any possible effect of the form rf»tro«^i™^ 
applied on the cation-anion ratio. A strict validity of BEAR'S rule on constancy of the 
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ratio would imply that any uptake of nitrogen as ammonium would reduce the value. 
The conception of DIJKSHOORN (1958 b) on nitrogen uptake by the process of ex-
change, suggests however that the effect of ammonium as compared to nitrate might 
remain relatively small. 
The lower values of total cations and cation-anion ratio computed from the field 
data may eventually suggest an effect of ammonium applied in the nitrochalk since in 
the pot experiments only nitrate has been used. In this case it may be useful to com-
pare the effects of ammonium sulphate, nitrochalk, calcium nitrate and Chilean 
nitrate, as can be inferred from the results of field experiments ZWF 610, 611, and 
612 made on clay, peat, and sandy soils, respectively, as listed in the tables of Pos-
thuma. 
From this it appeared that although in many cases the ammonium sulphate treat-
ments showed slightly lower cation-anion ratios, this effect of ammonium sulphate 
as compared to nitrochalk, calcium nitrate and Chilean nitrate is nonsignificant ac-
cording to the analysis of variance. 
57 
CONCLUSIONS AND SUMMARY 
It has been demonstrated that Dactylis glomerata is higher in K and Mg and lower in 
Na and Ca as compared to Lolium perenne, when these grass species are grown under 
the same conditions. This is confirmed by data of other authors recording cation 
values found in different pasture plants. 
The difference results from the fact that a certain number of cation equivalents is 
translocated to each unit weight of dry herbage produced and that this rate of trans-
location differs for each individual cation species to an extent depending on the plant 
species. 
The forces regulative in the internal translocation to the herbage were assumed 
to originate from interionic affinities between the cations and the charged sites pre-
sent on the plant's colloids. This interionic affinity retards the rate of translocation as 
a result of reduced mobility due to adsorbtion. A higher affinity will result in a lower 
rate of uptake in the herbage. Any shortage in cations is prevented by an increase in 
the uptake of other cations available, possessing a relatively lower affinity to the plant's 
colloids and consequently being more readily translocated. 
To evaluate the relative rate of uptake, clipped plants have been kept on solutions 
of equal ionic strength in which the ratio of two cations has been varied. The gradients 
of their concentrations in the herbage have been considered to be indicative for the 
relative rate of uptake of the cations varied. 
Following this procedure it has been found that in Dactylis glomerata the cations 
differ in their rate of uptake according to the sequence K > Na and Mg > Ca. This 
ability to discriminate between the cations of the same valence could not be detected 
in Lolium perenne. A comparison of the species in mixed cultures showed the absence of 
a distinct selective ability towards K and Na in Lolium perenne. Also it appeared that 
Mg and Ca are translocated to the herbage of Lolium perenne at approximately the 
same rate. 
It has been found that the resistance against translocation to the herbage is ap-
proximately the same for both species in the case of K, but Dactylis glomerata offers 
relatively more resistance against Ca and Na translocation than Lolium perenne. The 
higher K values found in Dactylis glomerata were therefore connected with the lower 
rate of uptake of Na and Ca. Although of the two species concerned, Dactylis glomerata 
absorbs Mg somewhat more easily, its lower internal Na and Ca level implies a 
relatively greater uptake of the most mobile cation K to complete the uptake of total 
cations. 
The cation selectivity of the species was reflected in the composition of the herbage 
of the soil-grown plants, yet the uptake of cations from fertilisers appeared to depend 
on the internal cation-anion balance of uptake as well. If according to this balance 
there is an increase in total cations, this results in an increased ability of the plants 
to absorb the cation supplied in the fertiliser. This interference of the internal cation-
anion balance in cation uptake has been discussed in detail. 
Higher Na, Mg and Ca values in the herbage of Lolium perenne as the result of a low 
availability of K has been demonstrated by the use of a clay soil showing K fixation. 
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After the demonstration of the regulative effects of cation selectivity and the inter-
nal cation-anion balance in uptake, a few applications of these principles have been 
given. 
The data of DIJKSHOORN and 'T HART (1957) on the effect of temperature on the 
cationic composition of Lolium perenne have been rearranged in terms of total cations 
and anions. Apparently the increase in K-excess following the rise in temperature is 
related to an increase in total cations in the herbage. According to the preference for 
monovalent cations in the uptake by grasses, this is mainly reflected in K. The effect 
has been connected with a gradual increase of nitrate in the herbage after a rise in 
temperature of the environment. 
The selectivity of the grasses implies a relatively greater rate of uptake of the mono-
valents. For the sake of comparison the relative rate of uptake of the cations has also 
been evaluated for Plantago lanceolata as an example of the behaviour of dicotyledons. 
It appeared that this species absorbs both monovalent and divalent cations at a com-
parable rate, a preference for Ca being indicated. The relatively higher Ca values 
generally present in dicotyledons was attributed to this typical aspect of cation 
selectivity. 
An effort has been made to interprete some data from field experiments using 
the rules on cation selectivity and cation-anion balance in uptake found in the pot 
experiments. It appeared that cation uptake, as affected by nitrogenous fertilisers, 
proceeds in the same way in the field. The cation-anion balance was found to 
behave in a somewhat different way which has been connected with the uptake of 
ammonium from nitrochalk applied in the field experiments. 
S A M E N V A T T I N G 
Twee grassoorten, Dactylis glomerata en Lolium perenne, zijn onderzocht op hun vermogen 
om de elementen kalium, natrium, magnesium, calcium, chloor, fosfor, zwavel en stik-
stof uit oplossingen, uit de grond en uit daaraan toegevoegde bemestingen op te nemen. 
Nagegaan is in welke verhouding de kationen en anionen in de grasoogst worden aan-
getroffen en op welke wijze het verschil in de samenstelling van deze soorten met be-
trekking tot de kationen samenhangt met het verschil in selectief vermogen ten op-
zichte van kalium, natrium, magnesium en calcium. 
Daarbij bleek, dat het lagere calcium- en natriumgehalte van Dactylis glomerata ver-
band houdt met een relatief grotere weerstand tegen het transport van deze kationen 
naar de oogst. Tengevolge van de hiermee samenhangende geringere opneembaarheid 
van natrium en calcium neemt Dactylis glomerata meer kalium op dan Lolium perenne, of-
schoon de weerstand tegen de kaliumopname in de oogst voor beide soorten dezelfde is. 
Het hoger kaliumgehalte van Dactylis glomerata vindt zijn oorzaak in de kation-anion 
balans van de opname, welke de plant dwingt het totaal der opgenomen kationequi-
valenten te completeren tot een waarde, welke in overeenstemming met de balans, op 
het totaal aan opgenomen anionen is afgestemd. Deze aanvulling vindt plaats met 
59 
kalium, omdat van de vier onderzochte kationen kalium het gemakkelijkst wordt 
opgenomen. 
De oorzaak van de kationenselectiviteit wordt gezocht in verschillen in de adsorptie-
affiniteit der kationen ten opzichte van de ionogene groepen der plantenkolloi'den, wel-
ke op de transportweg naar de oogst worden gepasseerd. Afhankelijk van lading en 
ionenstraal verschilt deze affiniteit. Is deze voor een bepaald kation, bijvoorbeeld 
calcium, relatief groter, dan zal dit kation de neiging hebben zich door adsorptie aan 
het transport te onttrekken. Het equivalent zal dan in het verdertransport worden in-
genomen door een kation, dat door een geringere adsorptie-affiniteit minder kans heeft 
door adsorptie zijn beweeglijkheid te verliezen. 
Door aan te nemen, dat in verschillende plantesoorten verschillende kollo'iden met 
verschillende ionogene groepen op de ti ansportweg voorkomen kan worden verklaard, 
dat de plantesoorten verschillen in selectiviteit. Zo werd aan getoond, dat Dactylisglome-
rata duidelijker onderscheid maakt tussen kalium en natrium en tussen magnesium en 
calcium dan Loliumperenne. Terwijl beide grassoorten de eenwaardige kationen gemak-
kelijker opnemen dan de tweewaardige, bleek dat Plantago lanceolata de tweewaardige 
kationen even gemakkelijk opneemt als de eenwaardige. Met dit typisch verschil in 
selectiviteit is het verschijnsel in verband gebracht, dat de kruiden in het algemeen 
meer tweewaardige kationen bevatten. 
De selectiviteit van de grassen, tot uiting komend in het gemakkelijker opnemen van 
eenwaardige kationen, kan de oorzaak zijn van het dikwijls aangetroffen relatief hoge 
kaliumgehalte van de grasoogst. Veranderingen in uitwendige omstandigheden, 
welke door hun invloed op de kation-anion verhouding en de totale anionenopname 
tot een verhoogde kationenopname aanleiding geven kunnen bij voldoende beschik-
baar kalium leiden tot een verschuiving van de kationensamenstelling ten gunste van 
kalium. Dit is gedemonstreerd aan de hand van gegevens over de invloed van ver-
anderingen van de temperatuur op de kation-anion balans van de opname door 
Lolium perenne. 
Met de selectiviteit van de grassen hangt samen, dat een verhoging van het gehalte 
van tweewaardige kationen slechts bereikt kan worden wanneer er van de eenwaardige 
kationen minder beschikbaar is. De met nitraatbemesting gepaard gaande toename 
in het totaal kationgehalte van de oogst wordt bij gebruik van kaliumnitraat en van 
natriumnitraat geheel tot stand gebracht door een toename in het kalium en natrium 
gehalte. Bij de toepassing van de nitraten der minder snel opneembare kationen mag-
nesium en calcium neemt ook het gehalte toe van het aardalkaliion dat niet in de be-
mesting gegeven wordt, omdat de in de bemesting gegeven tweewaardige kationen te 
traag worden opgenomen om in de toename van het totaal der kationen te kunnen voor-
zien. Wordt door de nitraatbemesting tevens de opbrengst verhoogd, dan neemt het 
kaliumgehalte van de oogst af door kaliumuitputting, waardoor een toename van het 
gehalte van de tweewaardige kationen bij toepassing van magnesium- of calcium-
nitraat wordt bevorderd. . . , 
De selectiviteit van de grassen doet het aandeel van calcium en magnesium in de 
toename van het totaal der kationen in de grasoogst door stikstofbemestmg vermmde-
r en, naarmate een hogere kaliumbemesting is toegepast. 
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De waarnemingen hebben geleid tot de opvatting, dat het totaal der in de oogst op-
genomen kationequivalenten wordt bepaald door het totaal der opgenomen anionequi-
valenten en een inwendige factor, verband houdende met de stofwisseling, welke de 
kation-anion verhouding bepaalt . De wijze waarop het totaal der kationen is verdeeld 
over kalium, natr ium, magnesium en calcium hangt, behalve van de beschikbare hoe-
veelheid, tevens af van de mate van selectiviteit van de plantesoort. Zolang de be-
schikbaarheid en de selectiviteit geen aanleiding geven tot specifieke inwendige te-
korten aan bepaalde elementen, kunnen groei en opname voortgang vinden. De uit 
deze processen resulterende minerale samenstelling kan aldus binnen grenzen varieren 
en wordt, behalve door de beschikbaarheid van de verschillende elementen, bepaa ld 
door de plantensoort. 
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